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Description

Field of the Invention

[0001] The present invention is directed to amultilayer structure.More specifically, the present invention is directed to a
multilayer structure which provides oxygen barrier and which can be recycled. In particular, the present invention is
directed toa recyclablepolyethylenemultilayer structureprovidingoxygenbarrier.Thepresent invention is furtherdirected
to a process for producing the multilayer structure by lamination or extrusion coating process.

Problem to Be Solved

[0002] It is known in the art that the copolymers of ethylene and vinyl alcohol, often called EVOH, have good barrier
properties against oxygen.
[0003] The document US-A‑2016/0060425 discloses typical PE/EVOH structures in comparative examples Films 3.2
and 3.3. The films 3.2 and 3.3 are nine-layer structures (including tie layers). Such films have good barrier properties, but
their use inpost-processingoperations, suchasorientation, isproblematic.For instance, theEVOH layermaycrackduring
orientation thus resulting in loss of barrier properties.
[0004] It is also known to produce barrier films by lamination, for instance, by adhesive lamination. Such process is
disclosed, for instance in a co-pending Patent Application No. PCT/EP2016/080756. The adhesives used in these
structures are typically not PE-based. The structure further includes ametal or ceramic layer. Thismay cause problems in
recycling.

Summary of the Invention

[0005] The present invention concerns a multilayer structure according to claim 1 comprising

(i) a first polyethylene layer as a first external layer, said first polyethylene layer being oriented in at least machine
direction;
(ii) a second polyethylene layer as a second external layer being a film;
(iii) a layer made of a copolymer of ethylene and vinyl alcohol (EVOH) between the first external layer and the second
external layer; and
(iv) a tie layer on each side of the EVOH layer,

characterised in that the tie layers compriseoneormore copolymersof ethylene,wherein the first polyethylene layer (i) is a
multi-layer film and
wherein the film forming the second polyethylene layer is un-oriented;
wherein the layer made of a copolymer of ethylene and vinyl alcohol (EVOH) has a basis weight from 1 to 10 g/m2.
[0006] The present invention further concerns a process according to claim 6 for producing a multilayer structure
comprising

(i) a first polyethylene layer as a first external layer, said first polyethylene layer being oriented in at least machine
direction;
(ii) a second polyethylene layer as a second external layer;
(iii) a layer made of a copolymer of ethylene and vinyl alcohol (EVOH) between the first external layer and the second
external layer; and
(iv) a tie layer on each side of the EVOH layer,

characterised in that the tie layers compriseoneormore copolymersof ethylene,wherein the first polyethylene layer (i) is a
multi-layer film and
wherein the layer made of a copolymer of ethylene and vinyl alcohol (EVOH) has a basis weight from 1 to 10 g/m2,
said process comprising the steps of: (I) providing a substrate,wherein the substrate is a polyethylene filmwhich has been
oriented in at least machine direction; (II) coextruding onto the substrate (II‑1) a layer of a copolymer of ethylene and vinyl
alcohol; (II‑2) a second polyethylene layer; and (II‑3) tie layers on both sides of the layer of the copolymer of ethylene and
vinyl alcohol, wherein the layer of the copolymer of ethylene and vinyl alcohol is between the substrate and the second
polyethylene layer, thereby producing the multilayer structure.
[0007] The present invention further concerns a process for producing a multilayer structure according to claim 1, said
process comprising the steps of: (a) providing a first polyethylene filmwhich first polyethylene film has been oriented in at
least machine direction; (b) providing a second polyethylene film; (c) coextruding (c‑1) a layer of a copolymer of ethylene
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and vinyl alcohol between the first polyethylene film and the second polyethylene film; and (c‑2) tie layers on both sides of
the layer of the copolymer of ethylene and vinyl alcohol; and (d) pressing the first polyethylene film and the second
polyethylene film together thereby producing the multilayer structure.
[0008] Theprocess further comprises thestepof extruding layersof polyethylenebetween thefirst polyethylenefilmand
the tie layer, and the second polyethylene film and the tie layer.

Detailed Description

General

[0009] In addition to the polymers the polymer layers may also comprise, and preferably comprise, additives, such as
antioxidants, process stabilisers, antiblock agents, lubricants, acid scavengers, pigments Antioxidants and stabilisers are
used for stabilising thepolymer against oxidation. Thegroupof antioxidants includes sterically hinderedphenols (phenolic
AO); phosphites and phosphonites; sulphur containing AO; alkyl radical scavengers; aromatic amines; hindered amine
stabilisers (mainly known as UV-stabilisers), HAS; and combinations of two or more of the above-mentioned substances.
[0010] Sterically hindered phenols are added to give long term stability in finished product. This is measured by
performing oven ageing test, which is an accelerated test, and from this lifetime is calculated at the use temperature (so
called Arrhenius plot). In addition phenols contribute to process-stability. In some occasions only a phenol is added as the
stabiliser but this is not common.
[0011] Phosphites and phosphonites give protection during processing. They react with hydroperoxides to prevent
chain scission or combination from taking place. Theyarenot very efficient aloneandnormally theyare used in blendswith
phenolic AO. This so called synergistic blend gives a good processing stabilisation.
[0012] Antiblocking and slip agents may be used for improving the handling properties of the film.
[0013] Slip agents migrate to the surface and act as lubricants polymer to polymer and polymer against metal rollers,
giving reduced coefficient of friction (CoF) as a result. Antiblocking agents are added to cause a slight surface roughness
that prevents the film sticking to itself.
[0014] Both erucamide and oleamide are used as slip agents. Oleamidemay be quicker at the surface due to lowerMw,
but when equilibrium is reached erucamide normally give slightly better slip-effect at same concentration.
[0015] Different minerals, such as talc, natural silica and synthetic silica, are used as antiblocking agents for films.
[0016] Acid scavengers are used for deactivating acidic impurities.Most of the polyolefins contain small level of chlorine
due to thecatalyst residues (in themagnitude10‑20ppm).Acid scavengersareadded toprotect theprocessingequipment
against corrosion caused by hydrochloric acid. The main product used is Ca-stearate.
[0017] Lubricants may be used for several purposes, e.g. to improve output, to eliminate melt fracture, to give higher
gloss, go give "internal lubrication", etc. In addition acid scavengers may be added in surplus to give lubrication.
[0018] Different pigmentsmaybeused if a certain colour is required. Thepigmentsarewell known in the industry and the
pigment is selectedbasedon thedesiredcolour. For instance, titaniumoxidemaybeused forwhite colour, carbonblack for
black colour and ultramarine blue for blue colour. The pigments are typically added as masterbatches.

First polyethylene layer

[0019] The structure comprises a polyethylene film layer, which polyethylene film has been oriented in at least machine
direction. In the description of the structure this is referred to as the first polyethylene layer. In the context of extrusion
coating process this layer is referred to as the substrate. In the context of extrusion lamination process this layer is referred
to as the first polyethylene film.
[0020] The first polyethylene layer, as discussed herein, is a film or a film layer which has been substantially made of
polyethylene.By "substantiallymadeof polyethylene" ismeant that themain rawmaterialsof the filmarehomopolymersor
copolymers of ethylene, suchashighdensity polyethylene,mediumdensity polyethylene, linear lowdensity polyethylene,
ethylene-basedplastomers, ethylene-basedelastomers, lowdensitypolyethylene, blends thereof. The rawmaterialsmay
contain small amount of additives and other polymers. However, the amount of polymers different from ethylene homo‑
andcopolymers is typically notmore than10%byweight, preferablynotmore than5%byweight andespecially preferably
notmore than2%byweight, suchasnotmore than1%byweight. Furthermore, the first polyethylene layermaybeamulti-
layer film comprisingmore than one layer. However, when the first polyethylene layer comprisesmultiple layers thewhole
structure preferably is substantially made of polyethylene.
[0021] The first polyethylene layer is thus a film layer which has been oriented in at least machine direction, optionally
also in the transverse direction. Preferably the film layer is oriented only in machine direction.
[0022] The first polyethylene layer of the structure according to the present invention comprises at least one layer A.
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Layer A:

[0023] Layer A is based on polyethylene polymer having a density of 890 to 980 kg/m3.
[0024] The polyethylene may be a homopolymer or it may be a copolymer. As the polyethylene may have a density of
from890 to980 kg/m3, itmay be for example a high density polyethylene (HDPE), amediumdensity polyethylene (MDPE)
or a linear low density polyethylene (LLDPE) or blends with high pressure low density polyethylene (LDPE) or with an
ethylene based plastomer or a blend of an ethylene based plastomer with high pressure low density polyethylene (LDPE)
[0025] Preferred polyethylenes for use in the manufacture of layer A of the first polyethylene layer are LLDPE’s.
[0026] MFR2 (190°C, 2.16kg, ISO1133) of suitableLLDPE’s is in the range0.01 to20g/10min, preferably in the rangeof
0.05 to 10 g/10min, more preferably in the range of 0.1 to 6.0 g/10min and even more preferably in the range of 0.1 to 5.0
g/10min.
[0027] The LLDPE of layer A of the first polyethylene layer may have a density in the range of 910 to 950 kg/m3,
preferably 920 to 945 kg/m3, such as 930 to 940 kg/m3.
[0028] The weight average molecular weight Mw of the LLDPE is preferably in the range of 100 000 to 200 000 g/mol.
[0029] The Mw/Mn of the LLDPE can be in a quite broad range. Preferred Mw/Mn values are 3 or more, such as 6 or
more, even 10 or more. Ranges of 3.5 to 30 are envisaged.
[0030] The LLDPE contains at least one or two comonomer(s). Suitable comonomers are C3-C10 alpha-olefin
comonomers. Thus the LLDPE can be a copolymer of ethylene and oneC3-C10 alpha-olefin comonomer or a terpolymer
of ethylene and two different C3-C10 alpha-olefin comonomers.
[0031] Preferably the comonomers are selected from the group of 1-butene, 1-hexeneand 1-octene. It is preferred if the
comonomer employed is 1-butene and/or 1-hexene. Preferred terpolymers comprise 1-butene and 1-hexene comono-
mers.
[0032] The overall comonomer content in the total polymer is 0.3 to 7.0 % by mol, preferably 0.6 to 4.5 % by mol, more
preferably 1.0 to 3.5 % by mol and most preferably 1.2 to 2.3 % by mol.
[0033] If the LLDPE isa terpolymerof ethyleneand twodifferentC3-C10alpha-olefin comonomers, preferably 1-butene
and 1-hexene, 1-butene is present in an amount of 0.1 to 3.0%bymol, preferably 0.2 to 2.0%bymol, more preferably 0.3
to 1.5 % by mol and most preferably 0.4 to 0.8 % by mol and hexene is present in an amount of 0.2 to 4.0 % by mol,
preferably 0.4 to 2.5 % by mol, more preferably 0.7 to 2.0 % by mol and most preferably 0.8 to 1.5 % by mol.
[0034] The LLDPE can be unimodal ormultimodal, preferablymultimodal. A unimodal LLDPE possesses a single peak
in itsGPCspectrumas it ismade in a single stage process. It ismost preferred if the LLDPE is amultimodal LLDPE formed
froma homopolymer component and a copolymer component. These polymers arewell known in the art and are available
from Borealis and others, such as films under trade names Borshape™ and Borstar™. Films made of those LLDPEs, and
which are oriented inmachine direction, are known to have good tear resistance not only in transverse direction but also in
machine direction.
[0035] Preferably such multimodal, like bimodal LLDPEs are produced in a multi-stage polymerization using the same
catalyst. Thus, twoslurry reactorsor twogasphase reactorscouldbeemployed.Preferablyhowever, suchmultimodal, like
bimodal LLDPEs aremade using a slurry polymerization in a loop reactor followed by a gas phase polymerization in a gas
phase reactor.
[0036] The LLDPE suitable for the invention can be produced using Ziegler Natta catalysis or single site catalysis
(mLLDPE), but is preferably produced using a Ziegler Natta catalyst. Such catalysts are well known in the art.
[0037] Suitable films, LLDPE resins for producing such films and their production are disclosed, among others in WO-
A‑2004/000933, EP-A‑1378528, WO-A‑2004/011517, EP-A‑2067799 and WO-A‑2007/003322.
[0038] SuitableHDPEhas a density within the range of 940 up to 980 kg/m3, preferably of about 945 kg/m3 to about 965
kg/m3. More preferably, the density is within the range of about 950 kg/m3 to about 965 kg/m3.
[0039] Preferably the HDPE is a unimodal HDPE.
[0040] HDPEsof use in the invention canbehomopolymers or copolymerswithat least onealpha-olefinhaving from3 to
10 carbon atoms.
[0041] The melt flow rate (MFR) of the HDPE polymer to be employed for layer B in accordance with the present
invention is not critical and can be varied depending on the mechanical properties desired for an end application.
[0042] In onepreferable embodimentMFR2value in the rangeof from0.05 to10g/10min, preferably from0.1 to7.0g/10
min,morepreferably from0.2 to5.0g/10min, yetmorepreferably from0.3 to3.0g/10min,evenmorepreferably from0.4 to
2.0 g/10 min and most preferably from 0.5 to 1.3 g/10 min are desired.
[0043] The molecular weight distribution (MWD) expressed as Mw/Mn of the HDPE polymer to be employed in
accordance with the present invention can be in a broad range. MWD is preferably in the range from 2 to 20, preferably
2.5 to 15, more preferably 3 to 10 and most preferably 3.5 to 7.
[0044] The HDPE polymer to be employed in accordance with the present invention may be a known and e.g.
commercially available, polyethylene polymer or said HDPE polymer may be prepared using any coordination catalyst,
typically ZN catalysts, Cr-catalyst as well as single site catalysts (SSC) in well-documented polymerization processes.
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[0045] Suitable films, HDPE resins for producing such films and their production are disclosed, among others in WO-
A‑1999/058584, WO-A‑1999/051649, WO-A‑2007/104513 and WO-A‑2007/065644.
[0046] LayerAof the first polyethylene layermayof course contain ablendof different components, like the combination
of a tubular or autoclave (high pressure) low density polyethylene (LDPE) and an LLDPE or the combination of unimodal
andbimodal LLDPEpolymersor ablendof tubular or autoclave (highpressure) LDPEasdefinedaboveand/or LLDPEand
an ethylene based plastomer with a density below 915 kg/m3.
[0047] Suitable plastomers used in the layer A of the first polyethylene layer are ethylene based plastomers with a
density below 915 kg/m3. The ethylene-based plastomer is a copolymer of ethylene and propylene or a C4 - C10 alpha
olefin. SuitableC4 -C10alpha-olefin include1-butene, 1-hexeneand1-octene, preferably 1-buteneor 1-octeneandmore
preferably 1-octene. Preferably copolymers of ethylene and 1-octene are used.
[0048] Suitable ethylene based plastomers have a density in the range of 860 to 915 kg/m3, preferably in the range of
870 to 910 kg/m3.
[0049] TheMFR2 (ISO1133; 190°C; 2.16kg) of suitable ethylenebased plastomers is in the rangeof 0.01 to 20g/10min,
preferably in the rangeof 0.05 to10g/10min,morepreferably in the rangeof 0.1 to6.0g/10minandevenmorepreferably in
the range of 0.1 to 5.0 g/10min.
[0050] Themelting points (measured with DSC according to ISO 11357‑3:1999) of suitable ethylene based plastomers
are below 130°C, preferably below 120°C, more preferably below 110°C and most preferably below 100°C. Furthermore
suitable ethylene based plastomers have a glass transition temperature Tg (measured with DMTA according to ISO
6721‑7) of below ‑25°C, preferably below ‑30°C, more preferably below ‑35°C.
[0051] In case the copolymer is a copolymer of ethylene and propylene it has an ethylene content from 10 to 55 wt%,
preferably from15 to 50wt%andmore preferably from18 to 48wt%. In case the copolymer is a copolymer of ethylene and
aC4 -C10alphaolefin it hasanethylene content from60 to95wt%,preferably from65 to90wt%andmorepreferably from
70 to 88 wt%.
[0052] ThemolecularmassdistributionMw/Mnof suitable ethylenebasedplastomers ismost oftenbelow4, suchas3.8
or below, but is at least 1.7. It is preferably between 1.8 and 3.5.
[0053] Suitable ethylene based plastomers can be any copolymer of ethylene and propylene or ethylene and C4 - C10
alpha olefin having the above defined properties, which are commercial available, i.a. fromBorealis under the tradename
Queo, from Dow Chemical Corp (USA) under the tradename Engage or Affinity, or from Mitsui under the tradename
Tafmer.
[0054] Alternately these ethylene based plastomers can be prepared by known processes, in a one stage or two stage
polymerization process, comprising solution polymerization, slurry polymerization, gas phase polymerization or combi-
nations therefrom, in the presence of suitable catalysts, like vanadium oxide catalysts or single-site catalysts, e.g.
metallocene or constrained geometry catalysts, known to the persons skilled in the art.
[0055] Preferably these ethylene based plastomers are prepared by a one stage or two stage solution polymerization
process, especially by high temperature solution polymerization process at temperatures higher than 100°C. Such
process is essentially based on polymerizing the monomer and a suitable comonomer in a liquid hydrocarbon solvent in
which the resulting polymer is soluble. The polymerization is carried out at a temperature above the melting point of the
polymer, as a result of which a polymer solution is obtained. This solution is flashed in order to separate the polymer from
the unreacted monomer and the solvent. The solvent is then recovered and recycled in the process.
[0056] Preferably the solution polymerization process is a high temperature solution polymerization process, using a
polymerization temperature of higher than 100°C. Preferably the polymerization temperature is at least 110°, more
preferably at least 150°C. The polymerization temperature can be up to 250°C.
[0057] The pressure in such a solution polymerization process is preferably in a range of 10 to 100 bar, preferably 15 to
100 bar and more preferably 20 to 100 bar.
[0058] The liquid hydrocarbon solvent used is preferably a C5‑12-hydrocarbon which may be unsubstituted or
substituted by C1‑4 alkyl group such as pentane, methyl pentane, hexane, heptane, octane, cyclohexane, methylcy-
clohexane and hydrogenated naphtha. More preferably unsubstituted C6‑10-hydrocarbon solvents are used. Such
processes are disclosed, among others, in WO-A‑1997/036942, WO-A‑2006/083515, WO-A‑2008/082511, and WO-
A‑2009/080710.
[0059] The polyethylene of layer A may also contain antioxidants, process stabilizers, slip agents, pigments, UV-
stabilizers and other additives known in the art.

Layer B

[0060] The first polyethylene layer of the structure according to the present invention comprises optionally at least one
further layer, being layer B.
[0061] LayerBcanbemadeof highdensity polyethylene (HDPE)havingadensity of 940up to970 kg/m3or of amedium
density polyethylene (MDPE) having a density of 925 up to 940 kg/m3 or a linear low density polyethylene (LLDPE) having

6

EP 3 463 859 B2

5

10

15

20

25

30

35

40

45

50

55



a density of 910 up to 950 kg/m3 or blends thereof or with plastomers.
[0062] SuitableMDPEpreferablyhasadensitywithin the rangeof about930kg/m3 toabout940kg/m3.PreferredMDPE
is a copolymer that comprises from about 85 wt% to about 98 wt% of recurring units of ethylene and from about 2 wt% to
about 15wt%of recurring units of aC3 toC10 alpha-olefin. Suitable C3 toC10 alpha-olefins include propylene, 1-butene,
1-pentene, 1-hexene, 4-methyl‑1-pentene, and 1-octene, and mixtures thereof. Preferably, the MDPE has a bimodal or
multimodal molecular weight distribution. Method for making bimodal or multimodal MDPE is known, for instance, from
WO-A‑1999/041310 and WO-A‑2008/089979. Suitable HDPE are those as already described for layer A.
[0063] Suitable LLDPEs are those as already described for layer A.
[0064] The MDPE or HDPE or LLDPE of layer B may also contain minor amounts of conventional additives such as
antioxidants, UV stabilisers, acid scavengers, nucleating agents, anti-blocking agents, slip agents as well as polymer
processing agent (PPA). The additives can be added as single components or as part of amasterbatch as is known in the
art.

The structure of the first polyethylene layer

[0065] The film forming the first polyethylene layer is multi-layered.
[0066] Multilayer films are formed from at least two layers, ideally at least three layers, such as 3 layers, 5 layers or 7
layers. Such films preferably comprise therefore at least adjacent layers A and B, preferably A, B and E. In case the film
forming the first polyethylene layer is a multilayer film, the film comprises at least layer A and layer B, optionally in
combination with layer E.
[0067] If the multilayer film comprises a layer E, this layer can be made of high density polyethylene (HDPE) having a
density of 940 up to 970 kg/m3 or of amediumdensity polyethylene (MDPE) having a density of 925 up to 940 kg/m3 or of a
linear lowdensitypolyethylene (LLDPE)havingadensity of 910up to950kg/m3, asdefined for layerB, or blends thereof or
with plastomers. Layer E may be the same as layer B or may be different from layer B.
[0068] Layer E may also contain minor amounts of conventional additives such as antioxidants, UV stabilisers, acid
scavengers, nucleating agents, anti-blocking agents, slip agents as well as polymer processing agent (PPA). The
additives can be added as single components or as part of a masterbatch as is known in the art.
[0069] Such a film has the structure E/A/B and is unblocked.
[0070] The film thickness distribution (%) of an E/A/B layer film is preferably 10 to 40%/20 to 80%/10 to 40%, preferably
12 to 30%/40 to 76%/12 to 30%, of the total film thickness (100%).
[0071] The film forming the first polyethylene layer according to the present invention can also have 5 or 7 layers,
whereby the additional layers can be made of any polyethylene.
[0072] Inoneembodiment of the invention it is neverthelesspreferred touseablockedfilmstructureasfirst polyethylene
layer.
[0073] In this case the first polyethylene layer has the structureE/A/BL/BL/A/BorE/A/A/A/BL/BL/A/A/A/B,whereinBL is
the blocking layer and layers A, B and E are defined as described above and layer E is identical to layer B.
[0074] For an E/A/BL/BL/A/B film structure the thickness of the layers may conform to
7.5‑27.5%/15‑35%/5‑25%/15‑35%/7.5‑27.5%, wherein the total film thickness is 100% and the amount of blocking layer
is the sum of two layers (BL).
[0075] The blocking layer (BL) in this case composes of a blend of a LLDPE as described above for the layer A and of a
plastomer, as described above; or of a blend of the LDPE, as described above, and an ethylene-based plastomer with a
density below 915 kg/m3 as described above. The plastomer is preferably present in the blends in an amount of 20 to 80
wt%,morepreferably in anamount of 40 to 75wt%andevenmorepreferably in anamount of 50 to 70wt%. In principle any
blend ratio is suitable, as long as the blend fulfils its task as blocking layer.
[0076] It is also possible to use 100wt% plastomer for the blocking layer or any other PE based material known in the
state of the art for being suitable in blocking layers, like EVA, EBA, mPE.

Film preparation

[0077] Any blend used in the above-described layers can be produced by any suitable melt mixing process at
temperatures above the melting point of the respective blend. Typical devices for performing said melt mixing process
are twin screw extruders, single screw extruders optionally combined with static mixers, chamber kneaders like Farrel
kneaders, Banbury typemixers and reciprocating co-kneaders likeBussco-kneaders. Preferably, themeltmixingprocess
is carried out in a twin screwextruderwith high intensitymixing segments andpreferably at a temperature of 170 to 270 °C,
more preferably of 180 to 250 °C.
[0078] It is also possible to produce the blend of the LLDPE or the LDPE and the plastomer by dryblending in a suitable
mixing equipment, like horizontal and vertical agitated chambers, tumbling vessels, and Turbula mixers, as long as
sufficient homogeneity is obtained.
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[0079] The three-layer structure in accordance with the present invention may be prepared by any conventional film
extrusion procedure known in the art, e.g. with blown film extrusion. Preferably, the three-layer film is formed by blown film
extrusion, more preferably by co-extrusion processes, which in principle are known and available to the skilled person.
[0080] Typical processes for preparing a three-layer structure in accordance with the present invention are extrusion
processes through an annular die. A bubble is formed by blowing air inside the tube formed by the film, thereby cooling the
film. The bubble is collapsed between the rollers after solidification. This film can then be slid, cut or converted, such as by
usingagazettehead,asdesired.Conventional filmproduction techniquesmaybeused in this regard.Typically layerAand
layersBandCare coextrudedat a temperature in the rangeof from160 to 240°Cand cooledbyblowing gas (generally air)
at a temperature of 5 to 50°C, to provide a frost line height of 1 or 2 to 8 times the diameter of the dye. The blow up ratio can
be in the range of from 1 (1:1) to 4 (1:4), preferably 1.5 (1:1.5) to 3.5 (1:3.5), more preferably from 2 (1:2) to 3 (1:3).
[0081] The film preparation process steps of the invention are known andmay be carried out in one film line in amanner
known in the art. Such film lines are commercially available, for example from Windmöller & Hölscher, Reifenhauser,
Hosokawa Alpine.
[0082] Typically the three-layer structure (E/A/B) is produced on a 3-layer co-extrusion line, but in some embodiments it
may be appreciated that the used co-extruder is a 5 or 7 layer co-extrusion line.
[0083] In such a set up the central diesmay all extrude A-layer material to form an E/A/A/A/B or E/A/A/A/A/A/B type film
or each of the two, respectively three outer dies may extrude outer layer-layer material to form an E/E/A/B/B or
E/E/E/A/B/B/B type film or as a combination of the before described possibilities an E/E/A/A/A/B/B type film could be
produced, too.Asall theseouter (BandE layers) - respectivelyA-layersare identical, the filmsproducedareeffectively still
E/A/B films.
[0084] Such 5-layer or 7-layer co-extrusion lines can also be used to produce the following structures: A/A/A/A/A or
A/A/A/A/A/A/A, which are still monolayer films as the A-layers are identical.
[0085] A/B/B/B/A or A/A/B/A/A or A/A/B/B/B/A/A, which are still two-layer films.
[0086] If the first polyethylene layer includes additional layers to layer A, B and E, like layer F and/or layer G the film
structure may look like E/F/A/G/B and any combinations thereof, which are possible on a 5-layer or 7-layer co-extrusion
line.

Blocked film structure

[0087] For the blocked filmB (or E)/A/BL type structure is used,whereB (or E) is one of the outer layers (E or B being the
same in theblocked structure), A is the core layer and layerBL is the blocking layer. As the three layer coextruded filmexits
the die in the form of a bubble, the bubble is cut and then two halves forced together to effectively form an B/A/BL/BL/A/B
type structure (i.e. the formed bubble is collapsed e.g. at the nip rolls to form said film). In this way, the film thickness is
effectively doubled and the desired initial film thickness achieved. This is called film blocking in the art.
[0088] Thus, the B/A/BL/BL/A/B film is formed from two identical B (or E)/A/BL films laminated together via their (BL)
layers.
[0089] For the B/A/A/A/BL/BL/A/A/A/B film two identical B/A/A/A/BL films were produced on a 5‑ layer co-extrusion line
and the resulting bubble is collapsed to form the corresponding blocked film structure.
[0090] In addition it is also possible to use other combinations of layers A, B, E and/or F or G with blocking layer BL to
produce the film forming the first polyethylene layer as a blocked film structure.
[0091] The film forming the first polyethylene layer is oriented at least in the machine direction according to the present
invention.
[0092] The obtained monolayer or multilayer film is subjected to a subsequent stretching step, wherein the film is
stretched in the machine direction (MDO). Stretching may be carried out by any conventional technique using any
conventional stretching devices which are well known to those skilled in the art.
[0093] The MDO process can be done in-line, wherein the MDO unit is directly linked to the blown film unit, i.e. the film
leaving the blown film line is directly transferred in the MDO unit.
[0094] The MDO process can also be done off-line, wherein the MDO unit is an autonomous unit. In this case the film
leaving the blown film line is first wound on a winder and is then supplied to the off-line MDO unit, where the film has to be
un-wind on a un-winder unit before it can be stretched.
[0095] If blocked film structures are used, the MDO process is preferably done in-line.
[0096] During theMDO, the filmobtained from theblown-film line is heated toanorientation temperature.Preferably, the
temperature range for orientation can be 25 °C below the VICATA-level of the (outer) film layer material up to the melting
temperature of the (outer) film layer material. The heating is preferably performed utilizing multiple heating rollers.
[0097] Next, theheatedfilm is fed intoaslowdrawing rollwithanip roller,whichhas thesame rollingspeedas theheating
rollers. The film then enters a fast drawing roll. The fast drawing roll has a speed that is 2 to 10 times faster than the slow
draw roll, which effectively orients the film on a continuous basis.
[0098] The oriented film then enters annealing thermal rollers, which allow stress relaxation by holding the film at an
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elevated temperature for a period of time.
[0099] The annealing temperature is preferably within the same temperature range as used for stretching or slightly
below thereof (e.g. 10 to 20 °C below), with room temperature being the lower limit. Finally, the film is cooled through
cooling rollers to an ambient temperature.
[0100] The ratio of the film thickness before and after orientation is called "drawdown ratio" or stretch ratio. The stretch
ratio varies depending onmany factors including the desired film thickness, film properties, andmultilayer film structures.
[0101] The preparation process of the uniaxially oriented in MD monolayer or multilayer film useful in the invention
comprisesat least thestepsof forming themonolayer ormultilayer filmandstretching theobtainedmonolayer ormultilayer
film in themachine direction in a draw ratio of of 1:1.5 to 1:12, preferably in the rangeof 1:2.0 to 1:10,more preferably in the
range of 1:3.0 to 1:8.
[0102] Thefilm is stretched1.5 to 12 timesup its original length in themachinedirection. This is statedhereinasa stretch
ratio of 1:1.5 to 1:12, i.e. "1" represents the original length of the film and "1.5" or "12" denotes that it has been stretched to
1.5 or 12 times that original length.
[0103] Aneffect of stretching (or drawing) is that the thickness of the film is similarly reduced. Thusa stretch ratio of 1:1.5
or 1:12 typically also means that the thickness of the resulting film is from 1/1.5 to 1/12 of the original thickness.
[0104] After orientation, the film forming the first polyethylene layer has a film thickness of 5 to 100µm, preferably 10 to
80 µm and more preferably 10 to 40 µm. This means that, for example, using a stretch ratio of 1:3 to yield a 40 µm film
needs a primary film of 120 µm and using a stretch ratio of 1:12 to yield a 40 µm film needs a primary film of 480 µm.
[0105] The film forming the first polyethylene layer (i.e. the MDO film) is preferably characterized by the following
properties:

i) a tensilemodulus (according to ISO527‑3) inmachine directionmeasured at room temperature of at least 800MPa,
more preferably of at least 1000 MPa, still more preferably of at least 1200 MPa and most preferably of at least 1500
MPa

ii) a tensile modulus (according to ISO 527‑1 and 527‑3) in machine direction measured at 70°C of at least 100 MPa,
more preferably of at least 110MPa, still more preferably of at least 120MPa andmost preferably of at least 150MPa

iii) a ratio of i) to ii) of not more than 10

[0106] The first polyethylene layer may not be glossy if there is no such requirement by the end-use of the film but if the
end-use requires the film to be glossy, then the first polyethylene layer preferably has:
iv) a gloss (20°) according to ASTMD2457 of at least 30%,more preferably of at least 40%, still more preferably of at least
50% and most preferably of at least 60%.
[0107] If hazeof thefirst polyethylene layer is not important for thedesiredapplication, thenhazecanbealsoup to100%,
but if haze should be low or relatively low for the desired application then the first polyethylene layer preferably has v) a
hazeaccording toASTMD1003of below30%,morepreferably of below25%, still more preferably of below20%andmost
preferably of below 15%.
[0108] If desired the first polyethylene layer can also be biaxially oriented, thus being oriented in machine direction as
well as in transverse direction (TD). Suitable draw ratios are 1:4 to 1:13, preferably in the range of 1:5.0 to 1:10, more
preferably in the range of 1:5.5 to 1:8.
[0109] If thefirst polyethylene layer is abiaxially orientedfilm, then thefilm thicknessbeforeorientation isgreater than for
only using machine orientation to achieve the desired end film thickness after orientation. This is within the knowledge of
the persons skilled in the art.
[0110] Preferably the first polyethylene layer is oriented only in machine direction.

Second polyethylene layer

[0111] Thestructure comprisesanother polyethylene film layer. In thedescriptionof thestructure this is referred to as the
second polyethylene layer. In the context of extrusion coating process this layer is referred to as the layer of polyethylene.
In the context of extrusion lamination process this layer is referred to as the second polyethylene film.
[0112] Asset forthby claim1, thesecondpolyethylene layer asa secondexternal layer is a film,whereby the film forming
the second polyethylene layer is un-oriented.The second polyethylene layer, as discussed herein, is a film or a film layer
which has been substantially made of polyethylene. By "substantially made of polyethylene" is meant that the main raw
materials of the film are homopolymers or copolymers of ethylene, as discussed above for the first polyethylene layer.
Furthermore, the second polyethylene layermay be amulti-layer film comprisingmore than one layer. However, when the
second polyethylene layer comprisesmultiple layers thewhole structure preferably is substantiallymade of polyethylene.
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Extrusion coated structure

[0113] If the structure is produced by extrusion coating then the second polyethylene layer comprises, and preferably
essentially consists of, low density polyethylene. By "essentially consists of’ is meant that the second polyethylene layer
may contain minor amount of additives known in the art, such as antioxidants, and other polymers as long as such other
polymers do not adversely influence the processability of the low density polyethylene. Typically the amount of additives
and other polymers is then notmore than 2%byweight, preferably notmore than 1%byweight and especially preferably
notmore than 0.5%byweight. In any case, if the structure is produced by extrusion coating the second polyethylene layer
typically comprises at least 40%, preferably at least 50%,more preferably at least 75%and especially preferably at least
90 % of low density polyethylene.
[0114] The low density polyethylene typically has a melt flow rate MFR2 (measured under a load of 2.16 kg at a
temperature of 190 °C) of from1 to 15 g/10min, preferably from2 to 10 g/10min and evenmore preferably from3 to 8 g/10
min. It further typically has a density of from 915 to 930 kg/m3, preferably from 916 to 926 kg/m3 and evenmore preferably
from 917 to 925 kg/m3. The low density polyethylene can be produced in an autoclave process as disclosed in EP-
A‑1777238 or in a tubular process as disclosed in WO-A‑2013/132009, WO-A‑ 2013/083285, WO-A‑ 2013178241 and
WO-A‑ 2013/178242. It can also be a blend of two low density polyethylenes, one of which is produced in an autoclave
process and one in a tubular process. Preferably, the low density polyethylene is produced in a tubular process.

Extrusion laminated structure

[0115] If the structure is produced by extrusion lamination then the second polyethylene layer is suitably a filmmade of
polyethylene. Such film can be a cast film or a blown film, and it preferably is a blown film.
[0116] The film forming the second polyethylene layer in extrusion lamination can be produced by using the methods
well known in the art when producing cast or blown films. The filmsuitably has a thickness of from10 to 200µm, preferably
from 10 to 150 µm, such as from 20 to 120 µm.
[0117] When thestructure is producedbyextrusion lamination thesecondpolyethylene layermaycompriseanysuitable
polyethylene, such as high density polyethylene,mediumdensity polyethylene, linear lowdensity polyethylene, ethylene-
based plastomers, ethylene-based elastomers, low density polyethylene. The rawmaterialsmay contain small amount of
additives and other polymers. However, the amount of polymers different fromethylene homo‑and copolymers is typically
not more than 10 % by weight, preferably not more than 5 % by weight and especially preferably not more than 2 % by
weight, such as not more than 1 % by weight. Furthermore, the second polyethylene layer may be a multi-layer film
comprising more than one layer. However, when the second polyethylene layer comprises multiple layers the whole
structure forming the second polyethylene layer should anyway be substantially made of polyethylene.
[0118] When the structure is produced by extrusion lamination, the film forming the second polyethylene layer is an un-
oriented film.
[0119] The film forming the second polyethylene layer of the extrusion laminated structure according to the present
invention has a final thickness of 10 to 200 µm, preferably from 10 to 150 µm, such as from 20 to 120 µm.
[0120] The film forming the second polyethylene layer in the extrusion laminated structure preferably has at least a
sealant layer C based on polyethylene having a density of 890 to 950 kg/m3.
[0121] Thepolyethylenemay bea homopolymermade in a lowpressure or high pressure process (LDPE) or itmay be a
copolymer. As the polyethylene may have a density of from 890 to 950 kg/m3, it may be a medium density polyethylene
(MDPE) or a linear low density polyethylene (LLDPE), as described for layer A above, and any combinations therefrom.
[0122] Preferably the sealant layer C comprises a blend of a linear low density polyethylene (LLDPE), produced either
with a Ziegler-Natta catalyst (znLLDPE) or produced with a metallocene catalyst (mLLDPE) or an ethylene-based
plastomer with a low density polyethylene (LDPE).
[0123] Suitable znLLDPE are those as described for layer A above.
[0124] As used herein, themLLDPE polymer is an ethylene copolymer having a density of 940 kg/m3 or less. Preferred
mLLDPE’smayhave adensity of 905 to940 kg/m3,more preferably 910 to 937 kg/m3. In one preferable embodiment even
densities of 915 to 925 kg/m3 are highly feasible.
[0125] The mLLDPE is formed from ethylene along with at least one C3-C20-alpha-olefin comonomer, preferably C3-
C12-alpha-olefin comonomer, e.g. 1-butene, 1-hexeneor 1-octene.Preferably, themLLDPE isabinary copolymer, i.e. the
polymer contains ethylene and one comonomer, or a terpolymer, i.e. the polymer contains ethylene and two or three,
preferably two, comonomers. Preferably, the mLLDPE comprises an ethylene-hexene copolymer, ethylene-octene
copolymer, ethylene-butene copolymer or a terpolymer of ethylene with 1-butene and 1-hexene comonomers. The
amount of comonomer present in the mLLDPE is preferably 0.5 to 12 mol%, more preferably 2 to 10 mol%, and most
preferably 4 to 8mol%. Alternatively, comonomer contents present in themLLDPEmay be 1.5 to 10wt%, especially 2 to 8
wt%.
[0126] The MFR2 of mLLDPE’s is preferably in the 0.01 to 20 g/10min, more preferably 0.2 to 10 g/10min, even more
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preferably 0.3 to 6.0 g/10min, and most preferably 0.4 to 5.0 g/10min.
[0127] The mLLDPE may be unimodal or multimodal, both are preferable. By unimodal is meant that the molecular
weight profile of the polymer comprises a single peak and is produced by one reactor and one catalyst.
[0128] TheunimodalmLLDPEpolymerspreferablypossessanarrowmolecularweight distribution.TheMw/Mnvalue is
preferably 2 to 4, more preferably 2 to 3.
[0129] Multimodal can be understood as bimodal MWD or bimodal comonomer distribution (e.g. the MFR’s of the
components are the same, but they contain same comonomer in different amounts). Bimodal mLLDPE comprise a LMW
component and a HMW component. Both the LMW and HMW components of multimodal mLLDPE are preferably
copolymers of ethylene as defined above.
[0130] Themolecularweight distribution,Mw/Mn,of amultimodalmLLDPEmaybebelow30, preferably in the rangeof 2
- 5.
[0131] Suitable mLLDPE’s are available commercially from ExxonMobil Chemical, Nova, Dow, LyondellBasell, to
mention a few.
[0132] Alternatively, suitable mLLDPE polymers can be produced in a known manner according to or analogously to
conventional polymerization processes, including solution, slurry and gas phase processes, described in the literature of
polymer chemistry. Examples are given in WO-A‑2006/066952, WO-A‑2002/002323, WO-A‑2005/002744 and WO-
A‑2003/066699.
[0133] Unimodal mLLDPE, as defined above is preferably prepared using a single stage polymerization, e.g. solution,
slurry or gas phase polymerization, preferably a slurry polymerization in slurry tank or, more preferably, in loop reactor in a
manner well known in the art. As an example, said unimodal mLLDPE can be produced e.g. in a single stage loop
polymerization process according to the principles given below for the polymerization of lowmolecular weight fraction in a
loop reactor of a multistage process, naturally with the exception that the process conditions (e.g. hydrogen and
comonomer feed) are adjusted to provide the properties of the final unimodal polymer.
[0134] Multimodal (e.g. bimodal) mLLDPE as defined above can be made by blending mechanically two or more
separately prepared polymer components, or preferably, by in situ blending in amultistage polymerization process during
the preparation process of the polymer components. Both mechanical and in situ blending is well known in the field.
[0135] Accordingly, preferredmultimodalmLLDPEpolymersareobtainableby in-situblending inamultistage, i.e. twoor
more stage, polymerization process including solution, slurry and gas phase process, in any order. Alternatively said
multimodalmLLDPEmaybeobtainablebyusing twoormoredifferent polymerizationcatalysts, includingmulti‑ordual site
catalysts, in a one-stage polymerization.
[0136] Preferably themultimodal mLLDPE as defined above is produced in at least two-stage polymerization using the
same catalyst, e.g. a single site catalyst. Thus, for example two slurry reactors or two gas phase reactors, or any
combinations thereof, in any order can be employed.
[0137] mLLDPE as defined above may be made using any conventional single site catalysts (SSC), which SSC
catalysts include metallocenes.
[0138] All these catalysts are well known in the field. In case of mLLDPE, metallocene catalysis is preferably used
herein. The preparation of the metallocene catalyst can be carried out according or analogously to the methods known
from the literature and is within skills of a person skilled in the field. Thus for the preparation see e.g. EP-A‑129368, WO-
A‑1998/056831, WO-A‑2000/034341, EP-A‑260130, WO-A‑1997/028170, WO-A‑1998/046616, WO-A‑1998/049208,
WO-A‑1999/012981, WO-A‑1999/019335, WO-A‑1998/056831, WO-A‑2000/034341, EP-A‑423101 and EP-A‑537130.
WO2005/002744 describes a preferable catalyst and process for preparing said mLLDPE component.
[0139] Instead of a znLLDPE or mLLDPE a plastomer as defined above for the first film can be used.
[0140] LDPE means herein a low-density ethylene homopolymer produced in high-pressure polymerization process
(autoclave or tubular).
[0141] SuchLDPEsarewell known in the art and they typically contain long chain branchingwhich differentiates LDPEs
from linear low-density polyethylenes, LLDPEs.
[0142] LDPE usable in the sealant layer of present invention is in principal not limited.
[0143] LDPE may typically have a MFR2 (190°C, 2.16kg; ISO 1133)of at least 0.05 g/10 min, preferably in the range
0.1‑20 g/10 min, more preferably 0.3‑10 g/10 min, still more preferably 0.4‑5 g/10 min. In one embodiment, LDPE with
MFR2 of 0.2 to 1.0 g/10 min is preferred.
[0144] The density (ISO 1183) of the LDPE is typically 905‑940 kg/m3, preferably 910 to 935 kg/m3, e.g. 915 to 930
kg/m3.
[0145] TheTm (DSC, ISO11357‑3) of the LDPE is preferably 70‑180 °C,morepreferably 90‑140 °C, e.g. about 110‑120
°C.
[0146] LDPEs suitable for the second film structure are any conventional LDPEs, e.g. commercially known LDPEs, or
theymay be prepared according to any conventional high-pressure polymerization (HP) process in a tubular or autoclave
reactor using a free radical formation. Such HP processes are very well known in the field of polymer chemistry and
described in the literature, see e.g. Vieweg, Schely and Schwarz: Kunstoff Handbuch, Band IV, Polyolefins, Carl Hanser
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Verlag(1969), pages 39‑51. Typical pressures are from 1000 to 3000 bar. The polymerization temperature is preferably
150‑350°C. The free radical initiators are commonly known, e.g. organic peroxide based initiators.
[0147] Suitable LDPE’s are available commercially from Borealis, LyondellBasell, Exxon, Sabic, or other suppliers.
[0148] Theamount of LDPEpresent in the sealant layer is 0wt%up to 50%wt, preferably 0 to 45wt%,more preferably 0
to 40wt%.
[0149] Thus the amount of mLLDPE usable in the sealing layer typically varies between 50 to 100wt%, preferably 55 to
100wt%andmore preferably between 60 to 100wt%of the total amount of the sealant layer, i.e., the second polyethylene
layer.
[0150] The amount of plastomer usable in the sealing layer typically varies from 30 to 70 wt%, preferably from 35 to 65
wt%, such as from 40 to 60 wt%, of the total amount of the sealant layer, i.e., the second polyethylene layer.
[0151] The second polyethylene layer in the extrusion laminated structure may be a monolayer film (only layer C).
[0152] Thesecondpolyethylene layer in theextrusion laminatedstructuremayalsobemulti-layered.Multilayer filmsare
preferably formed from at least two layers, ideally at least three layers, such as 3 layers, 5 layers or 7 layers.
[0153] For example one further layer (C‑2) of the second polyethylene layermay be an LLDPE as described for layer A,
preferably a multimodal, like bimodal LLDPE, more preferably a bimodal ethylene/1-butene/C6-C12-alpha-olefin terpo-
lymer, with a density between 926 kg/m3 to 950 kg/m3.
[0154] In one embodiment the second polyethylene layer in the extrusion laminated structure comprises a second
further film layer (C‑3) forming a 3-layer film structure of C‑3/C‑2/C.
[0155] Thesecond further film layerC‑3 is preferablymadeof the samepolymerasdescribedabove for thesealant layer
C.
[0156] The layers C, C‑2 andC‑3may all be of equal thickness or alternatively the layer C‑2, forming the in this case the
core layer, may be thicker than each of C‑3 and C, forming outer layers.
[0157] A convenient 3-layer film comprises two outer layers (C‑3 and C), which each forms 10 to 35%, preferably 15 to
30% of the total thickness of the 3-layered film, the core layer (i.e. C‑2) forming the remaining thickness, e.g. 30 to 80%,
preferably 40 to 70% of the total thickness of the 3-layered film.
[0158] In a further embodiment the second polyethylene layer in the extrusion laminated structure can comprise the
sealant layerC, as described above, the at least one further layerC‑2, as described above andadditionally 3 further layers
C‑4, C‑5 and C‑6, forming a film of the structure C‑6/C‑5/C‑4/C/C‑2.
[0159] In this caseC‑2,C‑4andC‑5are composedof a LLDPE,whichmaybe the sameLLDPE in all three layers. These
three layersmay alternatively be composed of different LLDPEs or themiddle layer of these three layers, in this caseC‑4,
may be composed of one LLDPE and the two sandwiching layers, C‑2 and C‑5, may be composed of another LLDPE.
[0160] Suitable LLDPEs are described above for layer A of the film forming the first polyethylene layer.
[0161] Layer C‑6 is composed of a blend of LLDPE and a metallocene produced linear low density polyethylene
(mLLDPE).
[0162] Suitable LLDPEs are described above for layer A of the film forming the first polyethylene layer.
[0163] Suitable mLLDPEs are described above for the sealant layer C of the second polyethylene layer.
[0164] The amount of LLDPE in this layer is in the range of 40 to 80wt%, preferably 50 to 70wt%andmore preferably 55
to 65wt%, thus themLLDPEbeing present in anamount of 20 to 60wt%, preferably 30 to 50wt%andmore preferably 35 to
34wt%.
[0165] The layersmay all be of equal or different thickness. For example the sealant layer C and the layer C‑6may each
contribute 5 to15%, preferably 8 to 12wt% of the total thickness and the layers C‑5, C‑4 and C‑2 contribute the rest,
whereby these three layers may be of equal thickness. The layers C‑5, C‑4 and C‑2 can also have different thicknesses,
like 10 to 25%/ 30 to 60%/10 to 25%, preferably 15 to 20%/40 to 50%/15 to 20%, wherein the total thickness of the film is
100%.
[0166] The second polyethylene layer may optionally contain a HDPE layer D in-between the above described
multilayer structures or adhering to the sealant film C, being a monolayer film. The HDPE layer may act as barrier layer
and/or as stiffening layer.
[0167] If used in themultilayer structure theHDPEbarrier layerDcanbe inanypositionbetween twoadjacent layers, like
C‑3/D/C‑2/C or C‑3/C‑2/D/C or C‑6/D/C‑5/C‑4/C/C‑2, C‑6 /C‑5/D/C‑4/C/C‑2, and so on.
[0168] Suitable HDPE barrier layers D consisting of HDPE polymer, may comprise one single HDPE polymer
component or a mixture of said HDPE polymer component with one or more other HDPE polymer components. Mainly
due to economic reasons embodimentswherein layerD consists of oneHDPEpolymer or amixture of two different HDPE
polymers is preferred. When layer D consists of a mixture of two HDPE polymers, same may be present in any desired
weight ratio, typically these two HDPE polymers are then present in a weight ratio of from 30:70 to 70:30, more preferably
from 60:40 to 40:60.
[0169] HDPEpolymers tobeemployed inaccordancewith thepresent inventionarepolyethyleneshavingadensity of at
least 940 kg/m3, preferably at least 945 kg/m3, more preferably in the range of from 950 to 980 kg/m3, such as from 950 to
965 kg/m3. In particular, it is preferred when the density of the HDPE polymer to be employed in accordance with the
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present invention is at least 955 kg/m3.
[0170] An HDPE polymer to be employed in accordance with the present invention designates a polyethylene which
may be either a homopolymer or a copolymer comprising a minor amount of repeating units derived from one or more
alpha-olefins having from3 to 20 carbon atoms, preferably from3 to 10 andmore preferably from3 to 6 carbon atoms. The
comonomer content of a copolymermay typically be from0.25mol% to 10.0mol%,morepreferably 0.5mol% to 5.0mol%,
andmore preferably the upper limit for the comonomer content is 2.5mol%. In accordancewith the present invention both
homopolymers and copolymers of polyethylene are equally preferred.
[0171] The HDPE polymer to be employed in accordance with the present invention may be unimodal with respect to
properties such as molecular weight distribution and/or comonomer content or the HDPE polymer to be employed in
accordance with the present invention may be multimodal, in particular bimodal, with respect to properties such as
molecular weight distribution and/or comonomer content.
[0172] A preferred embodiment in accordance with the present invention is amultimodal HDPE polymer, comprising at
least a lower molecular weight component (LMW) and a higher molecular weight component (HMW). These components
may be present in any desired ratios, with typical split, i.e. weight ratios between the LMW component and the HMW
component being from 10:90 to 90:10, preferably 40:60 to 60:40. The LMW and/or HMW component can be a homo‑ or
copolymer, preferably at least one of the LMW and HMW components is a homopolymer. More preferably, the LMW
component is a homopolymer and the HMW component is homo- or copolymer, typically a copolymer.
[0173] In accordance with preferred embodiments of the present invention, layer D either consists of a unimodal HDPE
polymer (with respect to the molecular weight distribution) or of a multimodal, preferably bimodal HDPE polymer (with
respect to the molecular weight distribution).
[0174] The melt flow rate (MFR) of the HDPE polymer to be employed for layer D in accordance with the present
invention is not critical and can be varied depending on the mechanical properties desired for an end application. In one
preferable embodiment MFR2 value in the range of from 0.05 to 10 g/10 min, preferably 0.1 to 2 g/10 min and more
preferably from0.3 to 0.8 g/10min are desired. In another preferable embodimentMFR21 value in the rangeof from2 to 12
g/10 min, preferably 4 to 10 g/10 min, more preferably 6 to 8 g/10 min are desired.
[0175] The HDPE polymer to be employed in accordance with the present invention may be a known and e.g.
commercially available, polyethylene polymer or said HDPE polymer may be prepared using any coordination catalyst,
typically ZN catalysts, Cr-catalyst as well as single site catalysts (SSC). The molecular weight distribution (MWD)
expressed asMw/Mnof theHDPEpolymer to be employed in accordancewith the present invention is not critical and can
vary depending, again, on the mechanical properties desired for the end application. MWD is preferably in the range of
from 2 to 35, wherein preferred ranges for, unimodal HDPE polymer are from 2 to 20, preferably 3 to 10, in particular 4 to 7
andmorepreferably 4.5 to 6.0,while preferred ranges formultimodal, preferably bimodalHDPEpolymer are from10 to35,
preferably 12 to 20, whereas in some embodiments, as broad as 15 to 35 may be desired.
[0176] HDPE polymer to be employed in accordance with the present inventionmay be produced using polymerization
reactions which are, in principle, known in the art and available to the skilled person. They can further be produced in
principle using any polymerization method, including solution, slurry and gas phase polymerization. The temperature in
thepolymerization reactor needs to be sufficiently high to reachanacceptable activity of the catalysts,while not exceeding
thesoftening temperatureof thepolymer, in order toavoidprocessingproblems.Typical polymerization temperaturesmay
therefore be in the rangeof from50 to 110 °C, preferably 75 to 105 °Candmorepreferably 75 to 100 °C.Reactor pressures
can be selected over a broad range depending on the type of polymerization and, in principle, are known to the skilled
person. Suitable pressure ranges for slurry polymerizations are, for example, 10 to 100 bar, preferably 30 to 80 bar.
[0177] Suitable films, HDPE resins for producing such films and their production are disclosed, among others in WO-
A‑1999/058584, WO-A‑1999/051649, WO-A‑2007/104513 and WO-A‑2007/065644.
[0178] The film structure for the film forming the second polyethylene layer in extrusion laminated structure in
accordance with the present invention may be prepared by any conventional film extrusion procedure known in the
art, e.g. with cast film or blown film extrusion. Preferably, the film is formed by blown film extrusion, more preferably by co-
extrusion processes, which in principle are known and available to the skilled person.
[0179] Typical processes for preparing a filmstructure in accordancewith thepresent invention are extrusion processes
through an annular die, followed by blowing into a tubular film by forming a bubble which is collapsed between the rollers
after solidification. This film can then be slit, cut or converted, such as by using a gazette head, as desired. Conventional
film production techniquesmay be used in this regard. Typically the layers are coextruded at a temperature in the range of
from160 to 240°C and cooled by blowing gas (generally air) at a temperature of 5 to 50°C, to provide a frost line height of 1
or 2 to8 times thediameter of thedye.Theblowup ratio canbe in the rangeof from1 (1:1) to4 (1:4), preferably 1.5 (1:1.5) to
3.5 (1:3.5), more preferably from 2 (1:2) to 3 (1:3).

Layer of copolymer of ethylene and vinyl alcohol

[0180] The structure comprises a layer comprising a copolymer of ethylene and vinyl alcohol. Preferably the layer
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essentially consists of the copolymer of ethylene and vinyl alcohol. By "essentially consists of’ is meant that the layer may
contain minor amount of additives known in the art, such as antioxidants, and other polymers as long as such other
polymers donot adversely influence theoxygenbarrier properties of the copolymer of ethylene and vinyl alcohol. Typically
the layer then comprises at least 95 % by weight, preferably at least 98% by weight and more preferably at least 99% by
weight of the copolymer of ethylene and vinyl alcohol.
[0181] Suitably the copolymer of ethylene and vinyl alcohol has a content of ethylene units of from 20 to 45 % by mole,
preferably from 25 to 40%bymole andmore preferably from 27 to 37%bymole. Furthermore, the copolymer of ethylene
and vinyl alcohol suitably has a density of from 1000 to 1250 kg/m3, preferably from 1050 to 1230 kg/m3 and more
preferably from1100 to 1220 kg/m3. It furthermore suitably has amelt flow rateMFR2 (measured under a load of 2.16 kg at
a temperature of 190 °C) of from 1 to 10 g/10min, preferably from 2 to 8 g/10min andmore preferably from 2.5 to 7.5 g/10
min.
[0182] The layer of the copolymer of ethylene and vinyl alcohol suitably has a basis weight of from 1 to 10 g/m2,
preferably from 1 to 8 g/m2 and more preferably from 2 to 6 g/m2. A too low basis weight may lead to insufficient barrier
properties. A too high basis weight leads to an unnecessary high cost of the structure and may also make the coating
thicker than desired. Furthermore, the recyclability may suffer if the structure contains too much of the copolymer of
ethylene and vinyl alcohol.

Tie layer

[0183] Thestructurecomprises tie layersonbothsidesof the layercomprisingacopolymerofethyleneandvinyl alcohol.
Their objective is to improve the adhesion between the layer comprising the copolymer of ethylene and vinyl alcohol and
the polyethylene layers.
[0184] Thepolymers used in the tie layers are suitably ethylene-based polymers, such as copolymers of ethylenewith a
polar comonomer. Preferably the polymers in the tie layers are graft copolymers of ethylenewith polar comonomers, such
as organic acids and organic acid derivatives. The organic acids and their derivatives are suitably selected from the group
of organic acids comprising a double bond and their derivatives, and preferably from the group consisting of acrylic acid,
methacrylic acid, fumaric acid,maleic acid, nadic acid, citraconic acid, itaconic acid, crotonic acid, the anhydrides thereof,
metal salts thereof, esters thereof, amides thereof, imides thereof, and the mixtures of two or more above-mentioned
compounds.
[0185] When the polymers used in the tie layers are graft copolymers of ethylene, then the base polymer used in the
grafting processmay be any suitable ethylene polymer, such as high density polyethylene, medium density polyethylene,
linear low density polyethylene, ethylene-based plastomer, ethylene-based elastomer, low density polyethylene or a
mixture of two or more above-mentioned polymers.
[0186] When the polymers used in the tie layers are graft copolymers of ethylene they can be produced according to the
methods known in the art. For instance, the polymers can be produced by grafting in an extruder by feeding the base
polymer, the graft comonomer and a free radical generator, such as aperoxide, into the extruder and extruding themixture
at a temperature which exceeds the melting temperature of the base polymer and the decomposition temperature of the
free radical generator. On the other hand, the temperature must be less than the decomposition temperature of the base
polymer.
[0187] The polymers used in the tie layers suitably have anMFR2 of from0.5 to 10 g/10min, preferably from1 to 10 g/10
min andmore preferably from 2 to 10 g/10min. Further, the polymers used in the tie layers suitably have a density of from
905 to 940 kg/m3, preferably from 910 to 940 kg/m3 and more preferably from 915 to 940 kg/m3.
[0188] Polymers suitable to be used in the tie layers are commercially available, for instance, from DuPont under trade
name of Bynel®. Especially the polymers having a higher amount of incorporated anhydride are preferred, and, for
instance, of Bynel® 41E710 has given good results.
[0189] Eachof the tie layers hasabasisweight of from1 to10g/m2, preferably from2 to8g/m2andmorepreferably from
2 to 6 g/m2. A too low basis weight may lead to insufficient adhesion. A too high basis weight has no major technical
drawback but leads to an unnecessary high cost of the structure and may also make the coating thicker than desired.
[0190] It should be understood that the structure may comprise additional layers to the first polyethylene layer, the
secondpolyethylene layer, the layer of the copolymer of ethylene and vinyl alcohol and the tie layers. If any suchadditional
layer has a good adhesion to the layer of the copolymer of ethylene and vinyl alcohol then such a layermay be adjacent to
the layerof thecopolymerof ethyleneandvinyl alcohol and the tie layer is adjacent to suchadditional layer.However,when
such layer having a good adhesion to the layer of the copolymer of ethylene is absent then the tie layer should be adjacent
to the layer of the copolymer of ethylene and vinyl alcohol.
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Production process

Extrusion coating

[0191] According to one preferred embodiment the structure is produced by extrusion coating. In such a process the
layer of the copolymer of ethylene and vinyl alcohol, the tie layers and the second polyethylene layer are extrusion coated
onto a substrate formed by the first polyethylene layer. The layer of the copolymer of ethylene and vinyl alcohol, the tie
layers and the second polyethylene layer are extruded onto the substrate through a flat die, or more precisely, an
arrangement ofmultiple flat dies. The extrusion coating process, including coextrusion, is well known to the person skilled
in the art.
[0192] As it is well known in the art, it is possible to improve the adhesion between the layers by subjecting the substrate
to flame treatment or corona treatment. Furthermore, the melt can be subjected to ozone treatment for improving the
adhesion.
[0193] When the layer of the copolymer of ethylene and vinyl alcohol, the tie layers and the second polyethylene layer
have beenextruded onto the substrate the structure is passed to a nip formedby a chill roll and a pressure roll. The chill roll
is typically water-cooled and has the objective of cooling the extruded structure to a suitable temperature. Typically the
surface temperature of the chill roll can be from about 15 °C to about 60 °C.
[0194] According to one preferred embodiment of the invention the second polyethylene layer comprises, and
preferably essentially consists of, low density polyethylene. The layer is extruded typically so that the temperature of
themelt is from about 275 °C to about 330 °C. By "essentially consists of’ ismeant that the second polyethylene layermay
contain minor amount of additives known in the art, such as antioxidants, and other polymers as long as such other
polymers do not adversely influence the processability of the low density polyethylene. Typically the amount of additives
and other polymers is then notmore than 2%byweight, preferably notmore than 1%byweight and especially preferably
not more than 0.5% by weight. In any case, when the structure is produced by extrusion coating the second polyethylene
layer typically comprisesat least 40%byweight, preferablyat least 50%byweight,morepreferablyat least 75%byweight
and especially preferably at least 90% by weight of low density polyethylene. The percentage numbers above are based
on the total weight of the second polyethylene layer.
[0195] The low density polyethylene typically has a melt flow rate MFR2 (measured under a load of 2.16 kg at a
temperature of 190 °C) of from1 to 15 g/10min, preferably from2 to 10 g/10min and evenmore preferably from3 to 8 g/10
min. It further typically has a density of from 915 to 930 kg/m3, preferably from 916 to 926 kg/m3 and evenmore preferably
from 917 to 925 kg/m3. The low density polyethylene can be produced in an autoclave process as disclosed in EP-
A‑1777238 or in a tubular process as disclosed in WO-A‑2013/132009, WO-A‑ 2013/083285, WO-A‑ 2013178241 and
WO-A‑ 2013/178242. Preferably the low density polyethylene is produced in a tubular process.
[0196] The layer of the low density polyethylene typically has a basis weight of from 5 to 50 g/m2, preferably from 5 to 30
g/m2, such as from 5 to 20 g/m2.
[0197] According to another preferred embodiment of the invention the second polyethylene layer comprises heat
sealable ethylene copolymer, such as linear low density polyethylene or ethylene-based plastomer or ethylene-based
elastomer. The layer may in addition comprise low density polyethylene for improving the processability. Alternatively or
additionally the layer may be coextruded with a layer of low density polyethylene to ensure a good behaviour in the
extrusion coating line. In this embodiment the second polyethylene layer typically comprises at least 20 % by weight,
preferablyat least 25%byweight andmorepreferablyat least 30%byweight of theheat sealableethylenecopolymer.The
upper limit is not critical and may be about 100 % by weight, such as 95 % by weight of 90 % by weight. The percentage
numbers above are based on the total weight of the second polyethylene layer. The layer is extruded typically so that the
temperature of the melt is from about 275 °C to about 330 °C.
[0198] Preferably the heat sealable ethylene copolymer is a linear low density polyethylene (LLDPE), produced either
with a Ziegler-Natta catalyst (znLLDPE) or produced with a metallocene catalyst (mLLDPE) or an ethylene-based
plastomer.
[0199] TheMFR2 (190°C, 2.16 kg, ISO 1133) of suitable znLLDPE’s is in the range 0.01 to 20 g/10min, preferably in the
rangeof 0.05 to 10 g/10min,more preferably in the rangeof 0.1 to 6.0 g/10min andevenmore preferably in the rangeof 0.1
to 5.0 g/10min.
[0200] The znLLDPEmay have a density in the range of 910 to 950 kg/m3, preferably 915 to 945 kg/m3 preferably such
as 920 to 940 kg/m3.
[0201] The Mw/Mn of the znLLDPE can be in a quite broad range. Preferred Mw/Mn values are 3 or more, such as 6 or
more, even 10 or more. Ranges of 3.5 to 30 are envisaged.
[0202] The znLLDPE contains at least one or two comonomer(s). Suitable comonomers are C3-C10 alpha-olefin
comonomers. Thus the znLLDPE can be a copolymer of ethylene and one C3-C10 alpha-olefin comonomer or a
terpolymer of ethylene and two different C3-C10 alpha-olefin comonomers. Preferably the comonomers are selected
from the group of 1-butene, 1-hexene and 1-octene. It is preferred if the comonomer employed is 1-butene and/or 1-
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hexene. Preferred terpolymers comprise 1-butene and 1-hexene comonomers.
[0203] The overall comonomer content in the total polymer is 0.3 to 7.0 % by mol, preferably 0.6 to 4.5 % by mol, more
preferably 1.0 to 3.5 % by mol and most preferably 1.2 to 2.3 % by mol.
[0204] If the znLLDPE is a terpolymer of ethylene and two different C3-C10 alpha-olefin comonomers, preferably 1-
butene and 1-hexene, 1-butene is present in an amount of 0.1 to 3.0 % by mol, preferably 0.2 to 2.0 % by mol, more
preferably 0.3 to 1.5%bymol andmost preferably 0.4 to 0.8%bymol andhexene is present inanamount of 0.2 to 4.0%by
mol, preferably 0.4 to 2.5 % by mol, more preferably 0.7 to 2.0 % by mol and most preferably 0.8 to 1.5 % by mol.
[0205] The znLLDPE can be unimodal or multimodal, preferably multimodal. A unimodal znLLDPE possesses a single
peak in its GPC spectrum as it is made in a single stage process. It is most preferred if the znLLDPE is a multimodal
znLLDPE formed fromahomopolymer component and a copolymer component. Thesepolymers arewell known in the art
and are available from Borealis and others, e.g. under the Borstar type trade name.
[0206] Preferably such multimodal, like bimodal znLLDPEs are produced in a multi-stage polymerization using the
same catalyst. Thus, two slurry reactors or two gas phase reactors could be employed. Preferably however, such
multimodal, like bimodal znLLDPEs are made using a slurry polymerization in a loop reactor followed by a gas phase
polymerization in a gas phase reactor.
[0207] As used herein, themLLDPE polymer is an ethylene copolymer having a density of 940 kg/m3 or less. Preferred
mLLDPE’smayhaveadensity of 905 to940kg/m3,more preferably 910 to937 kg/m3. In onepreferable embodiment even
densities of 915 to 925 kg/m3 are highly feasible.
[0208] The mLLDPE is formed from ethylene along with at least one C3-C20-alpha-olefin comonomer, preferably C3-
C12-alpha-olefin comonomer, e.g. 1-butene, 1-hexeneor 1-octene.Preferably, themLLDPE isabinary copolymer, i.e. the
polymer contains ethylene and one comonomer, or a terpolymer, i.e. the polymer contains ethylene and two or three,
preferably two, comonomers. Preferably, the mLLDPE comprises an ethylene-hexene copolymer, ethylene-octene
copolymer, ethylene-butene copolymer or a terpolymer of ethylene with 1-butene and 1-hexene comonomers. The
amount of comonomer present in the mLLDPE is preferably 0.5 to 12 mol%, more preferably 2 to 10 mol%, and most
preferably 4 to 8mol%. Alternatively, comonomer contents present in themLLDPEmay be 1.5 to 10wt%, especially 2 to 8
wt%.
[0209] The MFR2 of mLLDPE’s is preferably in the 0.01 to 20 g/10min, more preferably 0.2 to 10 g/10min, even more
preferably 0.3 to 6.0 g/10min, and most preferably 0.4 to 5.0 g/10min.
[0210] The mLLDPE may be unimodal or multimodal, both are preferable. By unimodal is meant that the molecular
weight profile of the polymer preferably comprises a single peak and mLLDPE is preferably produced by copolymerising
ethylene in one reactor in the presence of one metallocene catalyst.
[0211] TheunimodalmLLDPEpolymerspreferably possessanarrowmolecularweight distribution. TheMw/Mnvalue is
preferably 2 to 4, more preferably 2 to 3.
[0212] Multimodal can be understood as bimodalmolecular weight distribution or bimodal comonomer distribution (e.g.
the MFR’s of the components are the same, but they contain same comonomer in different amounts). Bimodal mLLDPE
comprise a LMW component and a HMW component. Both the LMWand HMW components of multimodal mLLDPE are
preferably copolymers of ethylene as defined above.
[0213] Themolecularweight distribution,Mw/Mn,of amultimodalmLLDPEmaybebelow30, preferably in the rangeof 2
- 5.
[0214] SuitablemLLDPE’sareavailable commercially fromExxonMobil Chemical, Nova,Dow,Basell, tomention a few.
[0215] Alternatively, suitable mLLDPE polymers can be produced in a known manner according to or analogously to
conventional polymerization processes, including solution, slurry and gas phase processes, described in the literature of
polymer chemistry.
[0216] Unimodal mLLDPE, as defined above is preferably prepared using a single stage polymerization, e.g. solution,
slurry or gas phase polymerization, preferably a slurry polymerization in slurry tank or, more preferably, in loop reactor in a
manner well known in the art. As an example, said unimodal mLLDPE can be produced e.g. in a single stage loop
polymerization process according to the principles given below for the polymerization of lowmolecular weight fraction in a
loop reactor of a multistage process, naturally with the exception that the process conditions (e.g. hydrogen and
comonomer feed) are adjusted to provide the properties of the final unimodal polymer.
[0217] Multimodal (e.g. bimodal) mLLDPE as defined above can be made by blending mechanically two or more
separately prepared polymer components, or preferably, by in situ blending in amultistage polymerization process during
the preparation process of the polymer components. Both mechanical and in situ blending is well known in the field.
[0218] Accordingly, preferredmultimodalmLLDPEpolymersareobtainableby in-situblending inamultistage, i.e. twoor
more stage, polymerization process including solution, slurry and gas phase process, in any order. Alternatively said
multimodalmLLDPEmaybeobtainablebyusing twoormoredifferent polymerizationcatalysts, includingmulti‑ordual site
catalysts, in a one-stage polymerization.
[0219] Preferably themultimodal mLLDPE as defined above is produced in at least two-stage polymerization using the
same catalyst, e.g. a single site catalyst. Thus, for example two slurry reactors or two gas phase reactors, or any
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combinations thereof, in any order can be employed.
[0220] mLLDPE as defined above may be made using any conventional single site catalysts (SSC), which SSC
catalysts include metallocenes.
[0221] All these catalysts are well known in the field. In case of mLLDPE, metallocene catalysis is preferably used
herein. The preparation of the metallocene catalyst can be carried out according or analogously to the methods known
from the literature and is within skills of a person skilled in the field. Thus for the preparation see e.g. EP-A‑129 368, WO-
A‑9856831, WO-A‑0034341, EP-A‑260 130, WO-A‑9728170, WO-A‑9846616, WO-A‑9849208, WO-A‑9912981, WO-
A‑9919335, WO-A‑9856831, WO-A‑00/34341, EP-A‑423101 and EP-A‑537130. WO2005/002744 describes a prefer-
able catalyst and process for preparing said mLLDPE component.
[0222] Suitable ethylene-based plastomers or ethylene-based elastomers are copolymers of ethylenewith other alpha-
olefins which copolymers have a density of not more than 915 kg/m3. The ethylene-based plastomer is a copolymer of
ethylene and propylene or a C4 - C10 alpha-olefin. Suitable C4 - C10 alpha-olefin include 1-butene, 1-hexene and 1-
octene, preferably 1-butene or 1-octene and more preferably 1-octene. Preferably copolymers of ethylene and 1-octene
are used.
[0223] Preferred ethylene-based plastomers have a density in the range of 860 to 915 kg/m3, more preferably in the
range of 870 to 910 kg/m3.
[0224] TheMFR2 (ISO 1133; 190°C; 2.16kg) of suitable ethylene based plastomers is in the range of 2.0 - 30 g/10 min,
preferably in the range of 3.0 - 20 g/10 min and more preferably in the range of 5.0 - 15.0 g/min.
[0225] Themelting points (measured with DSC according to ISO 11357‑3:1999) of suitable ethylene based plastomers
are below 130°C, preferably below 120°C, more preferably below 110°C and most preferably below 100°C. Furthermore
suitable ethylene based plastomers have a glass transition temperature Tg (measured with DMTA according to ISO
6721‑7) of below ‑25 °C, preferably below ‑30 °C, more preferably below ‑35 °C.
[0226] In case the copolymer is a copolymer of ethylene and propylene it has an ethylene content from 10 to 55 wt%,
preferably from15 to 50wt%andmore preferably from18 to 48wt%. In case the copolymer is a copolymer of ethylene and
aC4 -C10alphaolefin it hasanethylene content from60 to95wt%,preferably from65 to90wt%andmorepreferably from
70 to 88 wt%.
[0227] ThemolecularmassdistributionMw/Mnof suitable ethylenebasedplastomers ismost oftenbelow4, suchas3.8
or below, but is at least 1.7. It is preferably between 1.8 and 3.5.
[0228] Suitable ethylene based plastomers can be any copolymer of ethylene and propylene or ethylene and C4 - C10
alpha olefin having the above defined properties, which are commercial available, i.a. fromBorealis under the tradename
Queo, from Dow Chemical Corp (USA) under the tradename Engage or Affinity, or from Mitsui under the tradename
Tafmer.
[0229] Alternately these ethylene based plastomers can be prepared by known processes, in a one stage or two stage
polymerization process, comprising solution polymerization, slurry polymerization, gas phase polymerization or combi-
nations therefrom, in the presence of suitable catalysts, like vanadium oxide catalysts or single-site catalysts, e.g.
metallocene or constrained geometry catalysts, known to the art skilled persons.
[0230] Preferably these ethylene based plastomers are prepared by a one stage or two stage solution polymerization
process, especially by high temperature solution polymerization process at temperatures higher than 100°C. Such
process is essentially based on polymerizing the monomer and a suitable comonomer in a liquid hydrocarbon solvent in
which the resulting polymer is soluble. The polymerization is carried out at a temperature above the melting point of the
polymer, as a result of which a polymer solution is obtained. This solution is flashed in order to separate the polymer from
the unreacted monomer and the solvent. The solvent is then recovered and recycled in the process.
[0231] Preferably the solution polymerization process is a high temperature solution polymerization process, using a
polymerization temperature of higher than 100°C. Preferably the polymerization temperature is at least 110°, more
preferably at least 150°C. The polymerization temperature can be up to 250°C.
[0232] The pressure in such a solution polymerization process is preferably in a range of 10 to 100 bar, preferably 15 to
100 bar and more preferably 20 to 100 bar.
[0233] The liquid hydrocarbon solvent used is preferably a C5‑12-hydrocarbon which may be unsubstituted or
substituted by C1‑4 alkyl group such as pentane, methyl pentane, hexane, heptane, octane, cyclohexane, methylcy-
clohexane and hydrogenated naphtha. More preferably unsubstituted C6‑10-hydrocarbon solvents are used. Such
processes are disclosed, among others, in WO-A‑1997/036942, WO-A‑2006/083515, WO-A‑2008/082511, and WO-
A‑2009/080710.
[0234] The copolymer of ethylene and vinyl alcohol degrades at high temperature and therefore the extrusion
temperature for the copolymer of ethylene and vinyl alcohol should be substantially lower than the extrusion temperature
for the second polyethylene layer. A suitable extrusion temperature is within the range of from about 200 °C to about 240
°C, preferably from 210 to 240 °C and advantageously about 230 °C. As it is well known in the art, the extrusion of the
copolymerofethyleneandvinyl alcohol shouldbeconductedwithinaverynarrow temperature range toavoiddegradation.
[0235] The layer of the copolymer of ethylene and vinyl alcohol suitably has a basis weight of from 1 to 10 g/m2,
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preferably from 1 to 8 g/m2 and more preferably from 2 to 6 g/m2. A too low basis weight may lead to insufficient barrier
properties. A too high basisweight has nomajor technical drawback but leads to an unnecessary high cost of the structure
and may also make the coating thicker than desired.
[0236] The polymers used in the tie layers are also preferably extruded at a lower temperature than the polyethylene. A
suitable extrusion temperature is within the range of from about 200 °C to about 280 °C, preferably from 220 °C to 260 °C.
[0237] Each of the tie layers typically has a basis weight of from 1 to 10 g/m2, preferably from 1 to 8 g/m2 and more
preferably from 2 to 6 g/m2. A too low basis weight may lead to insufficient adhesion. A too high basis weight has nomajor
technical drawback but leads to an unnecessary high cost of the structure and may also make the coating thicker than
desired.
[0238] It is also possible to extrude additional layers to onto the first polyethylene layer if desired. The extrusion
conditions for such additional layers are determined by the type of polymers included in such additional layers. For
instance, if the second polyethylene layer is a linear polymer, such as linear low density polyethylene, then it is often
advantageous to coextrude a layer of low density polyethylene with the second polyethylene layer to ensure smooth
processability. Such additional polyethylene layers typically have a basis weight of from 1 to 50 g/m2, preferably from 2 to
30 g/m2, such as from 2 to 20 g/m2.
[0239] The line speed in the extrusion coating process is typically from 50 to 1000 m/min, preferably from 100 to 650
m/min, and especially from 150 to 500 m/min.

Extrusion lamination

[0240] According to another preferred embodiment the structure is produced by extrusion lamination. The extrusion
lamination process resembles the extrusion coating process, but in extrusion lamination the layers are extruded between
two substrates. Thereby, the first polyethylene layer and the second polyethylene layer are provided as substrates to the
extrusion lamination process. The layer of the copolymer of ethylene and vinyl alcohol and the tie layers are then extruded
between the first polyethylene layer and the secondpolyethylene layer. If sodesired additional layers canalsobeextruded
between the first polyethylene layer and the second polyethylene layer. Such additional layers may, depending on the
need, be further polymers, such as additional polyethylene layers.
[0241] The line speed in the extrusion lamination process is typically from 50 to 1000m/min, preferably from 100 to 650
m/min, and especially from 150 to 500 m/min.
[0242] When the structure is produced by extrusion lamination then the second polyethylene layer is a film made of
polyethylene as has been discussed above.
[0243] When the layer of the copolymer of ethylene and vinyl alcohol and the tie layers have been extruded between the
two films the structure is passed to a nip formed by a chill roll and a pressure roll. The chill roll is typically water-cooled and
has the objective of cooling the extruded structure to a suitable temperature. Typically the surface temperature of the chill
roll can be from about 15 °C to about 60 °C.
[0244] The copolymer of ethylene and vinyl alcohol degrades at high temperature and therefore the extrusion
temperature for the copolymer of ethylene and vinyl alcohol should be substantially lower than the extrusion temperature
for the second polyethylene layer. A suitable extrusion temperature is within the range of from about 200 °C to about 240
°C, preferably from 210 to 240 °C and advantageously about 230 °C.
[0245] The layer of the copolymer of ethylene and vinyl alcohol suitably has a basis weight of from 1 to 10 g/m2,
preferably from 1 to 8 g/m2 and more preferably from 2 to 6 g/m2. A too low basis weight may lead to insufficient barrier
properties. A too high basisweight has nomajor technical drawback but leads to an unnecessary high cost of the structure
and may also make the coating thicker than desired.
[0246] The polymers used in the tie layers are also preferably extruded at a lower temperature than the polyethylene. A
suitable extrusion temperature is within the range of from about 200 °C to about 280 °C, preferably from 220 °C to 260 °C.
[0247] Each of the tie layers typically has a basis weight of from 1 to 10 g/m2, preferably from 1 to 8 g/m2 and more
preferably from 2 to 6 g/m2. A too low basis weight may lead to insufficient adhesion. A too high basis weight has nomajor
technical drawback but leads to an unnecessary high cost of the structure and may also make the coating thicker than
desired.
[0248] As described above additional layers can also be extruded between the first polyethylene layer and the second
polyethylene layer.Thus,according toanespecially preferredembodiment layersof lowdensitypolyethyleneareextruded
between the tie layers and the polyethylene films. Such polyethylene layers typically have a basis weight of from 1 to 50
g/m2, preferably from 2 to 30 g/m2, such as from 2 to 20 g/m2.
[0249] Such additional layers thus comprise, and preferably essentially consist of, low density polyethylene. By
"essentially consists of" is meant that the additional polyethylene layer may contain minor amount of additives known
in the art, such as antioxidants, and other polymers as long as such other polymers do not adversely influence the
processability of the lowdensity polyethylene. Typically theamount of additivesandother polymers is thennotmore than2
%byweight, preferably notmore than 1%byweight and especially preferably notmore than 0.5%byweight. In any case,
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such additional layer typically comprises at least 40 %, preferably at least 50 %, more preferably at least 75 % and
especially preferably at least 90 % of low density polyethylene.
[0250] The low density polyethylene typically has a melt flow rate MFR2 (measured under a load of 2.16 kg at a
temperature of 190 °C) of from1 to 15 g/10min, preferably from2 to 10 g/10min and evenmore preferably from3 to 8 g/10
min. It further typically has a density of from 915 to 930 kg/m3, preferably from 916 to 926 kg/m3 and evenmore preferably
from 917 to 925 kg/m3. The low density polyethylene can be produced in an autoclave process as discussed above. It can
also be a blend of two low density polyethylenes, one of which is produced in an autoclave process and one in a tubular
process. Preferably, the low density polyethylene is produced in a tubular process.

Benefits of the invention

[0251] The structures according to the present invention are recyclable and thus comprise copolymers of ethylene.
Especially, all the polymers comprised in the present structures are ethylene-based homo‑ or copolymers.
[0252] Compared to prior art processes and structures the present invention offers a number of advantages. The
process has one less treatment step compared to standard lamination process. Further, the present structures provide a
more resilient solution compared to barrier film (PE/EVOH) structures. Especially, barrier film structures cannot easily be
oriented because the layer containing the copolymer of ethylene and vinyl alcohol may not withstand orientation. The
present invention provides a solution, where orientation of the barrier layer can be avoided. The invention provides a
simpler solutionas theprior art filmswith barrier layer havinga complex structure, filmshavingat least five layers produced
by co-extrusion. Furthermore, if the films need to have a specific colour, such as white colour, this would cause additional
complexity in prior art films if the structure contains the copolymer of ethylene and vinyl alcohol.
[0253] The process of the present invention is flexible and avoids many of the problems encountered in the prior art
processes. For instance, the structure is cooled rapidly and effectively. Thereby thewidely different crystallisation rates of
the copolymer of ethylene and vinyl alcohol and polyethylene do not cause problems, as the casemay be, for instance, in
air-cooled blown film process.
[0254] The adhesives used in adhesive lamination are typically not ethylene-based polymers and this causes problems
in recycling. Furthermore, adhesive lamination process needs an additional curing time for adhesion. Further still, such
adhesives may leave decomposition products in the film, which decomposition products may be harmful for health or
environment.
[0255] The inventors have further found that it is possible to control the curling of the material. When coating stiff
substrates, such aspaper, paperboard or oriented polyesters (such asOPET), the structure tends to curl to the direction of
the coating. The present extrusion coating process, where the substrate is a machine direction oriented polyolefin-based
film, suchaspolyethylene film, allows influencing the curling tendency byadjusting theweb tension. It has also been found
that the films with multilayer structure of the invention and films produced according to the process of the invention allow
broadening of the sealing temperature window, even up to 40 C°.

Description of methods

[0256] Tensile modulus in machine direction was measured at room temperature according to ISO 527‑3.
[0257] Gloss (at 20°) was measured according to ASTM D2457.
[0258] Haze was measured according to ASTM D1003.

Examples

[0259] The following materials were used in the following experimental tests:

PE1: PE1 was a bimodal Ziegler Natta produced terpolymer (C2/C4/C6) Grade BorShape™ Borshape FX1001
provided by Borealis AG. It had MFR5 of 0.85 g/10 min and a density of 931 kg/m3.

PE2: PE2was a high density polyethyleneHostalen 7740 F2 provided by LyondellBasell. It hadMFR5 of 1.8 g/10min
and a density of 948 kg/m3.

PE3: PE3 was an ethylene based octene plastomer Queo™ 8201 provided by Borealis AG. It had MFR (190/2.16) of
1.1 g/10 min, unimodal molecular weight distribution and a density 882 kg/m3. It was produced in a solution
polymerization process using a metallocene catalyst. It contained processing stabilizers.

PE4:PE4wasa lowdensitypolyethyleneCT7200providedbyBorealisAG. It hadMFR2 (190/2.16) of 5g/10minanda
density of 918 kg/m3. It had been produced in a high-pressure tubular process.
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PE5:PE5wasa lowdensitypolyethyleneFT5230providedbyBorealisAG. It hadMFR2 (190/2.16) of 0.7g/10minand
a density of 923 kg/m3. It had been produced in a high-pressure tubular process.

PE6:PE6wasa linear lowdensity polyethyleneExceed1018CAprovidedbyExxonMobil. It hadMFR2 (190/2.16) of 1
g/10 min and a density of 918 kg/m3. It was a metallocene-based LLDPE.

PE7:PE7wasahighdensity polyethyleneFB1520providedbyBorougePteLtd. It hadMFR21 (190/21.6) of 7g/10min
and a density of 952 kg/m3. It had multimodal molecular weight distribution.

PE8: PE8 was a medium density polyethylene Borshape FX1002 provided by Borealis AG. It had MFR5 (190/5) of 2
g/10 min and a density of 937 kg/m3.

PE9:PE9wasahighdensity polyethyleneFB1460providedbyBorougePteLtd. It hadMFR21 (190/21.6) of 6g/10min
and a density of 946 kg/m3. It had multimodal molecular weight distribution.

A1: A1 was a processing agent Polybatch® AMF 705 HF provided by A. Schulman

A2: A2 was Polybatch® CE‑505-E, which is a 5% erucamide slip concentrate based in polyethylene provided by A.
Schulman.

A3: A3 was an anti-blocking and slip agent masterbatch Polybatch® AB 35 VT provided by A. Schulman.

A4: A4 was Schulman Polywhite NG8600 colour masterbatch containing 60 % by weight of titanium dioxide.

EVOH: EVOH was a copolymer of ethylene and vinyl alcohol, EVAL™104B, supplied by Kuraray. It had MFR2
(190/2.16) of 4.4 g/10 min and a density of 1.18 kg/m3.

ADP: ADP was an adhesion polymer Bynel® 41 E710, supplied by DuPont™. It is an anhydride-modified linear low-
density polyethylenewith a high level of anhydridemodification. It hadMFR2of 2.7 g/10min anddensity of 922 kg/m3.

Film 1

[0260] First film (used as substrate) of IE1, IE2, IE3 was coextruded on a 5-layer Alpine co-extrusion line with die
diameter 400 mm, at a blow up ratio (BUR) of 1:2.7, frost line height 3D and Die gap 1.5 mm.
[0261] The formed film had a thickness of 110 µm (blocked film).
[0262] The composition of the 5 layers can be seen in Table 1:

Table 1: Structure of Film 1

Layer* a b c d e

PE1 wt% 98.5 98.5 98.5 80.0

PE2 wt% 96.5 - - - -

PE3 wt% - - - - 20

A1 wt% 0.5 - - - -

A2 wt% 1.5 1.5 1.5 1.5 -

A3 wt% 1.5 - - - -

Layers "a" to "e" are extruded via extruders a, b, c, d, and e of the 5-layer co-extrusion line.

[0263] Stretching was carried out using a mono-directional stretching machine manufactured by Hosokawa Alpine AG
in Augsburg/Germany. The unit consists of preheating, drawing, annealing, and cooling sections, with each set at specific
temperatures to optimize theperformanceof theunit andproducefilmswith thedesiredproperties. Theheatingwasat 105
°C, the stretching was done at 115 °C, annealing and cooling was done at 110 ° down to 40 °C.
[0264] The film obtained from blown film extrusion was pulled into the orientation machine then stretched between two
setsof nip rollerswhere thesecondpair runsat higher speed than thefirst pair resulting in thedesireddraw ratio.Stretching
is carried out with the respective draw ratios to reach the desired thickness. (Draw ratios and final thickness of MDO films
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aregiven inTable2).After exiting thestretchingmachine thefilm is fed intoaconventional filmwinderwhere thefilm is slit to
its desired width and wound to form reels.
[0265] The properties of the MDO film are also given in Table 2:

Table 2: Film 1 - oriented in machine direction

Primary film thickness [µm] 110

Draw ratio 4.5

Final film thickness [µm] 25

Parameter unit

Tensile test MD/TD Tensile modulus MPa 860/1110

Optics Gloss (20°) % 136

Haze % 4

Film 2

[0266] Film 2was coextruded to a seven-layer structure according to Table 3 below. The total film thicknesswas 60µm.

Table 3: Structure of Film 2

Layer* a b c d e f g

% of total thickness 10 20 12.5 15 12.5 20 10

PE5 wt% 10 10

PE6 wt% 88 88

PE7 wt%

PE8 wt% 95 95 95

PE9 wt% 95 95

A1 wt% 1 1

A2 wt% 1 1 1 1 1

A3 wt% 1 1

A4 wt% 4 4 4 4 4

Layers "a" to "g" are extruded via extruders a, b, c, d, e, f and g of the 7-layer co-extrusion line.

Example 1 (IE1)

[0267] Extrusion coating runwasmadeonBeloit coextrusion coating line. It hadPeterCloeren’sEBRdieandafive layer
feed block. The width of the line die opening was 850 - 1000 mm, maximumwidth of the substrate is 800 mm and the line
speed was maintained at 100 m/min.
[0268] The temperatures were such that EVOH and ADP were extruded at temperatures of 230 °C and 260 °C,
respectively, and PE4 at a temperature of 280 °C.
[0269] The structure was cooled on a chill roll (incoming cooling water temperature was 15 °C) and then rewound.
[0270] In the coating line above Film 1was used as a substrate and coatedwith a layer structure of ADP (adjacent to the
substrate), EVOH, ADP and PE4 (external layer). Each layer of ADP had a basis weight of 3 g/m2, the EVOH layer had a
basis weight of 4 g/m2 and the layer of PE4 had a basis weight of 10 g/m2.
[0271] A sample was taken from the material and it was found that the curling occurred to the direction of the substrate
while typically curling occurs to the direction of the coating. It was further found that by adjusting the web tension it was
possible to influence the tendency of thematerial to curl. Increasing theweb tension typically reduces the curling tendency
to the direction of the coating.
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Example 2 (IE2)

[0272] Extrusion lamination run wasmade on Beloit coextrusion coating line. It had Peter Cloeren’s EBR die and a five
layer feed block. Thewidth of the line die opening was 850 - 1000mm,maximumwidth of the substrate is 800mmand the
line speed was maintained at 100 m/min.
[0273] The temperatures were such that EVOH and ADP were extruded at temperatures of 230 °C and 270 °C,
respectively, and PE4 at a temperature of 300 °C.
[0274] The structure was cooled on a chill roll (incoming cooling water temperature was 15 °C) and then rewound.
[0275] In the coating line above Films 1 and 2 were used as substrates. The layers of PE4, ADP, EVOH, ADP and PE4
were extruded between the films. Each layer of ADP had a basis weight of 5 g/m2, the EVOH layer had a basis weight of 4
g/m2 and each layer of PE4 had a basis weight of 5.5 g/m2.

Claims

1. A multilayer structure comprising

(i) a first polyethylene layer as a first external layer, said first polyethylene layer being oriented in at leastmachine
direction;
(ii) a second polyethylene layer as a second external layer being a film;
(iii) a layer made of a copolymer of ethylene and vinyl alcohol (EVOH) between the first external layer and the
second external layer; and
(iv) a tie layer on each side of the EVOH layer,
characterised in that the tie layers comprise one or more copolymers of ethylene,
wherein the first polyethylene layer (i) is a multi-layer film and
wherein the film forming the second polyethylene layer is un-oriented;
wherein the layermadeof a copolymer of ethylene and vinyl alcohol (EVOH)hasabasisweight from1 to 10g/m2.

2. Thestructure according to claim1wherein the tie layers comprisemodifiedethylenehomo‑or copolymers comprising
ethylene units and units selected from the group consisting of organic acids, organic acid derivatives and mixtures
thereof.

3. The structure according to claim 2 wherein the organic acid and organic acid derivative is selected from the group
consistingof acrylic acid,methacrylic acid, fumaric acid,maleic acid, nadic acid, citraconicacid, itaconic acid, crotonic
acid, the anhydrides thereof, metal salts thereof, esters thereof, amides thereof, imides thereof, and the mixtures
thereof.

4. The structure according to any one of the preceding claims wherein the first polyethylene layer is oriented only in
machine direction.

5. The structure according to any one of the preceding claims wherein the first polyethylene layer (i) is formed from at
least three layers.

6. A process for producing a multilayer structure comprising

(i) a first polyethylene layer as a first external layer, said first polyethylene layer being oriented in at leastmachine
direction;
(ii) a second polyethylene layer as a second external layer;
(iii) a layer made of a copolymer of ethylene and vinyl alcohol (EVOH) between the first external layer and the
second external layer; and
(iv) a tie layer on each side of the EVOH layer,
characterised in that the tie layers comprise one or more copolymers of ethylene,
wherein the first polyethylene layer (i) is a multi-layer film and
wherein the layermadeof a copolymer of ethylene and vinyl alcohol (EVOH)hasabasisweight from1 to 10g/m2,
said process comprising the steps of: (I) providing a substrate, wherein the substrate is a polyethylene filmwhich
has been oriented in at least machine direction; (II) coextruding onto the substrate (II‑1) a layer of a copolymer of
ethylene and vinyl alcohol; (II‑2) a second polyethylene layer; and (II‑3) tie layers on both sides of the layer of the
copolymer of ethylene and vinyl alcohol, wherein the layer of the copolymer of ethylene and vinyl alcohol is
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between the substrate and the second polyethylene layer, thereby producing the multilayer structure.

7. The process according to claim 6 comprising the step of extruding the layer of the copolymer of ethylene and vinyl
alcohol at a temperature within the range of from 200 °C to 240 °C, preferably from 210 °C to 240 °C and
advantageously about 230 °C.

8. The process according to claim 6 or claim 7 comprising the step of extruding the tie layers at a temperature within the
range of about 200 °C to about 280 °C, preferably from 220 °C to 260 °C.

9. The process according to any one of claims 6 to 8 comprising the step of extruding the layer of polyethylene at a
temperature within the range of from 275 °C to 330 °C.

10. The process according to any one of claims 6 to 9, wherein the substrate is formed from at least three layers.

11. Aprocess for producing amultilayer structure according to any oneof claims 1 to 5, said process comprising the steps
of: (a) providingafirst polyethylenefilmwhich first polyethylenefilmhasbeenoriented inat leastmachinedirection; (b)
providing a second polyethylene film; (c) coextruding (c‑1) a layer of a copolymer of ethylene and vinyl alcohol
between the first polyethylene film and the second polyethylene film; and (c‑2) tie layers on both sides of the layer of
the copolymer of ethylene and vinyl alcohol; and (d) pressing the first polyethylene film and the second polyethylene
film together thereby producing the multilayer structure.

12. The process according to claim 11 comprising the step of extruding the layer of the copolymer of ethylene and vinyl
alcohol at a temperature within the range of from 200 °C to 240 °C, preferably from 210 °C to 240 °C and
advantageously about 230 °C.

13. Theprocessaccording to claim11or claim12comprising thestepofextruding the tie layersat a temperaturewithin the
range of about 200 °C to about 280 °C, preferably from 220 °C to 260 °C.

14. The process according to any one of claims 11 to 13 comprising the step of extruding layers of polyethylene between
the first polyethylene film and the tie layer, and the second polyethylene film and the tie layer.

15. The process according to claim 14 comprising the step of extruding the layers of polyethylene at a temperature within
the range of from 275 °C to 330 °C.

16. The process according to any one of claims 11 to 14, wherein the first polyethylene film is formed from at least three
layers.

Patentansprüche

1. Eine Mehrschichtstruktur enthaltend

(i) eine erste Polyethylenschicht als eine erste Außenschicht, welche erste Polyethylenschicht mindestens in
Maschinenrichtung orientiert ist;
(ii) eine zweite Polyethylenschicht als eine zweite Außenschicht, welche ein Film ist;
(iii) eine Schicht gemacht aus einem Kopolymer aus Ethylen und Vinylalkohol (EVOH) zwischen der ersten
Außenschicht und der zweiten Außenschicht; und
(iv) eine Haftvermittlerschicht auf jeder Seite der EVOH Schicht,

dadurch gekennzeichnet, dass

die Haftvermittlerschichten ein oder mehrere Kopolymere aus Ethylen enthalten,
wobei die erste Polyethylenschicht (i) ein Mehrlagenfilm ist und
wobei der Film geformt aus der zweiten Polyethylenschicht unorientiert ist;
wobei die Schicht gemacht aus einem Kopolymer aus Ethylen und Vinylalkohol (EVOH) ein Basisgewicht von 1
bis 10 g/m2 hat.

2. Die Struktur gemäß Anspruch 1, wobei die Haftvermittlerschichten modifizierte Ethylen Homo‑ oder Kopolymere
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enthalten, die Ethyleneinheiten und Einheiten ausgewählt sind aus der Gruppe bestehend aus organischen Säuren,
organischen Säurederivaten und Mischungen daraus .

3. DieStruktur gemäßAnspruch2,wobei die organischeSäureunddasorganischeSäurederivat ausgewählt ist ausder
Gruppe bestehend aus Acrylsäure, Methacrylsäure, Fumarsäure, Maleinsäure, Nadicsäure, Citraconsäure, Itacon-
säure, Crotonsäure, deren Anhydride, deren Metallsalze, deren Ester, deren Amide, deren Imide und Mischungen
daraus.

4. Die Struktur gemäß einem der vorangegangenen Ansprüche, wobei die erste Polyethylenschicht nur in Maschinen-
richtung orientiert ist.

5. Die Struktur gemäß einem der vorangegangenen Ansprüche, wobei die erste Polyethylenschicht (i) aus mindestens
drei Schichten geformt ist.

6. Ein Verfahren zur Herstellung einer Mehrschichtstruktur enthaltend

(i) eine erste Polyethylenschicht als eine erste Außenschicht, welche erste Polyethylenschicht mindestens in
Maschinenrichtung orientiert ist;
(ii) eine zweite Polyethylenschicht als eine zweite Außenschicht;
(iii) eine Schicht gemacht aus einem Kopolymer aus Ethylen und Vinylalkohol (EVOH) zwischen der ersten
Außenschicht und der zweiten Außenschicht; und
(iv) eine Haftvermittlerschicht auf jeder Seite der EVOH Schicht,

dadurch gekennzeichnet, dass

die Haftvermittlerschichten ein oder mehrere Kopolymere aus Ethylen enthalten,
wobei die erste Polyethylenschicht (i) ein Mehrlagenfilm ist und
wobei die Schicht gemacht aus einem Kopolymer aus Ethylen und Vinylalkohol (EVOH) ein Basisgewicht von 1
bis 10 g/m2 hat,
wobei dieses Verfahren die Schritte enthält:

(I) Bereitstellen eines Substrats, wobei das Substrat ein Polyethylenfilm ist, der mindestens in Maschinen-
richtung orientiert worden ist;
(II) Koextrudieren auf dem Substrat

(II‑1) einer Schicht eines Kopolymers aus Ethylen und Vinylalkohol;
(II‑2) einer zweiten Polyethylenschicht; und
(II‑3) Haftvermittlerschichten auf beiden Seiten der Schicht des Kopolymers aus Ethylen und Vinyl-
alkohol;
wobei dieSchicht desKopolymersausEthylenundVinylalkohol zwischendemSubstrat undder zweiten
Polyethylenschicht ist,

wodurch die Mehrlagenschicht hergestellt wird.

7. Das Verfahren gemäß Anspruch 6 enthaltend den Schritt des Extrudierens der Schicht des Kopolymers aus Ethylen
und Vinylalkohol bei einer Temperatur innerhalb des Bereichs von 200°C bis 240°C, bevorzugt von 210°C bis 240°C
und vorteilhafterweise um 230°C.

8. Das Verfahren gemäß Anspruch 6 oder Anspruch 7 enthaltend den Schritt des Extrudierens der Haftvermittler-
schichten bei einer Temperatur innerhalb des Bereichs von etwa 200°C bis etwa 280°C, bevorzugt von 220°C bis
260°C.

9. Das Verfahren gemäß einem der Ansprüche 6 bis 8 enthaltend den Schritt des Extrudierens der Polyethylenschicht
bei einer Temperatur innerhalb des Bereichs von 275°C bis 330°C.

10. Das Verfahren gemäß einem der Ansprüche 6 bis 9, wobei das Substrat aus mindestens drei Schichten geformt ist.

11. EinVerfahren zurHerstellungeinerMehrschichtstruktur gemäßeinemderAnsprüche1bis 5,wobei diesesVerfahren
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die Schritte enthält:

(a) Bereitstellen eines ersten Polyethylenfilms, welcher erste Polyethylenfilmmindestens in Maschinenrichtung
orientiert worden ist;
(b) Bereitstellen eines zweiten Polyethylenfilms;
(c) Koextrudieren

(c‑1)einerSchichteinesKopolymersausEthylenundVinylalkohol zwischendemerstenPolyethylenfilmund
dem zweiten Polyethylenfilm; und
(c‑2) von Haftvermittlerschichten auf beiden Seiten der Schicht des Kopolymers aus Ethylen und Vinyl-
alkohol; und

(d) Zusammenpressen des ersten Polyethylenfilms und des zweiten Polyethylenfilms

wodurch die Mehrlagenschicht hergestellt wird.

12. DasVerfahren gemäßAnspruch 11 enthaltend denSchritt des Extrudierens der Schicht des Kopolymers ausEthylen
und Vinylalkohol bei einer Temperatur innerhalb des Bereichs von 200°C bis 240°C, bevorzugt von 210°C bis 240°C
und vorteilhafterweise um 230°C.

13. Das Verfahren gemäß Anspruch 11 oder Anspruch 12 enthaltend den Schritt des Extrudierens der Haftvermittler-
schichten bei einer Temperatur innerhalb des Bereichs von etwa 200°C bis etwa 280°C, bevorzugt von 220°C bis
260°C.

14. Das Verfahren gemäß einem der Ansprüche 11 bis 13 enthaltend den Schritt des Extrudierens von Polyethylen-
schichten zwischen dem ersten Polyethylenfilm und der Haftvermittlerschicht und dem zweiten Polyethylenfilm und
der Haftvermittlerschicht.

15. Das Verfahren gemäß Anspruch 14 enthaltend den Schritt des Extrudierens der Polyethylenschichten bei einer
Temperatur innerhalb des Bereichs von 275°C bis 330°C.

16. DasVerfahrengemäßeinemderAnsprüche11bis14,wobei der erstePolyethylenfilmausmindestensdreiSchichten
geformt ist.

Revendications

1. Structure multicouche comprenant

(i) une première couche de polyéthylène en tant que première couche externe, ladite première couche de
polyéthylène étant orientée au moins dans le sens machine ;
(ii) une deuxième couche de polyéthylène en tant que deuxième couche externe étant un film ;
(iii) unecouche faite d’un copolymèred’éthylèneet d’alcool vinylique (EVOH)entre la première coucheexterneet
la deuxième couche externe ; et
(iv) une couche de liaison sur chaque côté de la couche d’EVOH,
caractérisée en ce que les couches de liaison comprennent un ou plusieurs copolymères d’éthylène,
dans laquelle la première couche de polyéthylène (i) est un film multicouche, et
dans laquelle le film formant la deuxième couche de polyéthylène est non orienté ;
dans laquelle la couche faite d’un copolymère d’éthylèneet d’alcool vinylique (EVOH)aunemasse surfaciquede
1 à 10 g/m2.

2. Structure selon la revendication 1, dans laquelle les couches de liaison comprennent des homo‑ ou co-polymères
d’éthylène modifiés comprenant des motifs éthylène et des motifs sélectionnés parmi le groupe constitué par les
acides organiques, les dérivés d’acide organique, et leurs mélanges.

3. Structure selon la revendication 2, dans laquelle l’acide organique et le dérivé d’acide organique sont sélectionnés
parmi le groupe constitué par l’acide acrylique, l’acide méthacrylique, l’acide fumarique, l’acide maléique, l’acide
nadique, l’acide citraconique, l’acide itaconique, l’acide crotonique, leurs anhydrides, leurs sels métalliques, leurs
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esters, leurs amides, leurs imides, et leurs mélanges.

4. Structure selon l’une des revendications précédentes, dans laquelle la première couche de polyéthylène est orientée
uniquement dans le sens machine.

5. Structure selon l’une des revendications précédentes, dans laquelle la première couche de polyéthylène (i) est
formée d’au moins trois couches.

6. Procédé pour produire une structure multicouche comprenant

(i) une première couche de polyéthylène en tant que première couche externe, ladite première couche de
polyéthylène étant orientée au moins dans le sens machine ;
(ii) une deuxième couche de polyéthylène en tant que deuxième couche externe ;
(iii) unecouche faite d’un copolymèred’éthylèneet d’alcool vinylique (EVOH)entre la première coucheexterneet
la deuxième couche externe ; et
(iv) une couche de liaison sur chaque côté de la couche d’EVOH,
caractérisé en ce que les couches de liaison comprennent un ou plusieurs copolymères d’éthylène,
dans lequel la première couche de polyéthylène (i) est un film multicouche, et
dans lequel la couche faite d’un copolymère d’éthylène et d’alcool vinylique (EVOH) aunemasse surfaciquede 1
à 10 g/m2,
ledit procédé comprenant les étapes consistant à : (I) fournir un substrat, dans lequel le substrat est un film de
polyéthylène qui a été orienté aumoins dans le sensmachine ; (II) coextruder le substrat (II‑1) d’une couche d’un
copolymère d’éthylène et d’alcool vinylique ; (II‑2) d’une deuxième couchede polyéthylène ; et (11‑3) de couches
de liaisonsur lesdeuxcôtésde lacoucheducopolymèred’éthylèneetd’alcool vinylique,dans lequel la couchedu
copolymère d’éthylène et d’alcool vinylique est entre le substrat et la deuxième couche de polyéthylène, ce qui
produit ainsi la structure multicouche.

7. Procédé selon la revendication 6, comprenant l’étape consistant à extruder la couche du copolymère d’éthylène et
d’alcool vinylique à une température dans la plage de 200 °C à 240 °C, de préférence de 210 °C à 240 °C et
avantageusement d’environ 230 °C.

8. Procédé selon la revendication 6 ou la revendication 7, comprenant l’étape consistant à extruder les couches de
liaison à une température dans la plage d’environ 200 °C à environ 280 °C, de préférence de 220 °C à 260 °C.

9. Procédé selon l’une des revendications 6 à 8, comprenant l’étape consistant à extruder la couche de polyéthylène à
une température dans la plage de 275 °C à 330 °C.

10. Procédé selon l’une des revendications 6 à 9, dans lequel le substrat est formé d’au moins trois couches.

11. Procédé pour produire une structure multicouche selon l’une des revendications 1 à 5, ledit procédé comprenant les
étapes consistant à : (a) fournir un premier film de polyéthylène, lequel premier film de polyéthylène a été orienté au
moins dans le sens machine ; (b) fournir un deuxième film de polyéthylène ; (c) coextruder (c‑1) une couche d’un
copolymère d’éthylène et d’alcool vinylique entre le premier film de polyéthylène et le deuxième film de polyéthylène ;
et (c‑2) des couches de liaison sur les deux côtés de la couche du copolymère d’éthylène et d’alcool vinylique ; et (d)
presser ensemble le premier film de polyéthylène et le deuxième film de polyéthylène, ce qui produit ainsi la structure
multicouche.

12. Procédé selon la revendication 11, comprenant l’étape consistant à extruder la couche du copolymère d’éthylène et
d’alcool vinylique à une température dans la plage de 200 °C à 240 °C, de préférence de 210 °C à 240 °C et
avantageusement d’environ 230 °C.

13. Procédé selon la revendication 11 ou la revendication 12, comprenant l’étape consistant à extruder les couches de
liaison à une température dans la plage d’environ 200 °C à environ 280 °C, de préférence de 220 °C à 260 °C.

14. Procédé selon l’une des revendications 11 à 13, comprenant l’étape consistant à extruder les couches de poly-
éthylène entre le premier filmde polyéthylène et la couche de liaison, et le deuxième filmde polyéthylène et la couche
de liaison.
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15. Procédé selon la revendication 14, comprenant l’étape consistant à extruder les couches de polyéthylène à une
température dans la plage de 275 °C à 330 °C.

16. Procédé selon l’une des revendications 11 à 14, dans lequel le premier filmdepolyéthylène est forméd’aumoins trois
couches.
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